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PREFACE

This summary book is published annually to provide
information on research supported by the Department
of Energy’s Division of Chemical Sciences, which is one
of five Divisions of the Office of Basic Energy Sciences in
the Office of Energy Research.

These summaries provide the scientific and technical
public, as well as the legislative and executive branches
of the Government, information, either generally or in
some depth, about the Chemical Sciences program.
Areas of research supported are indicated in the sec-
tion headings, the “Selected Topics of General Inter-
est” list, and the surnmaries themselves. Energy tech-
nologies that may be advanced by use of the basic
knowledge generated in this program are included in
the “Selected Topics of General Interest” list and are
often referenced in the summaries.

Scientists interested in proposing research for support
will find the publication useful for gauging the scope of
the present basic research program and its relation-
ship to their interests. Proposals that expand this
scope may also be considered or directed to more
appropriate offices. The primary goal of the research
summarized here is to add significantly to the knowl-
edge base on which existing and future efficient and
safe energy technologies can evolve. As a result, scien-
tific excellence is a major criterion applied in the
selection of research supported by the Division of
Chemical Sciences, but another important consider-
ation is emphasis on science that is advancing in ways
that will produce new information related to energy.

The program takes place in several different kinds of
performing organizations. About one-third of the
projects are at DOE laboratories and the rest mostly at
universities, with a small number of projects at indus-
trial laboratories. In DOE laboratories, much of the
research utilizes special unique facilities which, in
some instances, are national user facilities. These are
described in a special section of this publication.

Another section of this publication includes summaries
of projects funded during FY 1993 by the Small Business
Innovation Research (SBIR) Program Office in response
totechnical topics submitted by the Division of Chemical
Sciences to the annual SBIR Solicitation.

Questions about the details of an individual project
may be directed to the investigators involved or the
persons in charge at DOE laboratories (who are iden-
tified at appropriate places in this publication). Other
questions about the program may be directed to the
undersigned.

Robert S. Marianelli, Director
Division of Chemical Sciences
Office of Basic Energy Sciences

Research in Chemical Sciences  Vii
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PROGRAM SUMMARIES

Each Branch of the Division of Chemical Sciences is
divided into programs that cover various disciplines.
The following summaries describe these programs.
The staff members responsible for each program are

“indicated on page viii. The Division has the responsi-
bility for seeing that the research programs and
facilities it supports are operated in a safe manner
with due regard for the health of participants and the
protection of the environment. The staff who do this
for the Division and the Office of Basic Energy
Sciences are in the Division of Chemical Sciences and
the Materials Sciences Division. The Chemical
Sciences Environment. Safety and Health (ES&H)
staff are also indicated on page viii.

Fundamental ]Interactlons Branch
(KC-03-01)

Photochemical and Radiation Sclences
(KC-03-01-01)

. The Photochemical and Radiation Sciences program
consists of research on the interactions of radiation
with matter. Emphasis is placed on exploration of
fundamental photochemical processes aimed at the
capture and conversion of solar energy. The solar
photochemistry research encompasses organic and
inorganic photochemistry, electron and energy trans-
fer in homogeneous and heterogeneous media,
photocatalysis, and photoelectrochemistry. The

. photosynthetic reaction center is studied as a model

for design of efficient photoinduced charge separation

in biomimetic/photocatalytic assemblies. The radia-
tion chemistry research is concerned with the chemi-
cal effects produced by absorption of energy from

- ionizing radiation. Electron pulse radiolysis tech-

niques provide information on the nature of transient

intermediates, kinetics, and mechanisms of chemical
reactions in the condensed phase.

Chemical Physics (KC-03-01-02)

The Chemical Physics program supports research on
fundamental molecular processes related to the mis-
sion of the Department-in the areas of combustion,
catalysis, and environmental restoration. Specific
‘areas of emphasis include gas phase chemical reac-
tion theory, -experimental dynamics and spectros-
copy, thermodynamics of reaction intermediates,

chemical kinetics and reaction mechanisms at high -

temperatures in the gas phase and at surfaces, com-
bustion diagnostics, and chemical dynamics and ki-
netics at surfaces and with metal and semiconductor
clusters.

A major user-oriented facility, the Combustion Re-
search Facility at Sandia National Laboratories,
Livermore, is supported by this program. This facility
offers the use of advanced instrumentation and com-
putation to interested combustion scientists from
industry, universities, and national laboratories.

Atomic Physics (KC-03-01-03)

The Atomic Physics program supports experimental
and theoretical studies of atom and atomic ion struc-
tures, energy levels and lifetimes of quantum states,
and of transport and exchange processes associated
with energy and momentum transfer. These studies
seek to obtain the most accurate and complete funda-
mental knowledge of the properties and interactions
of photons, electrons, atoms, and ions. Relatively high
energy atomic physics research involving atoms
stripped of all or almost all electrons and of atoms and
ions in which electrons are promoted to upper energy
levels provide basic information to assist thermo-
nuclear energy development. The study of processes
that lead to the production of coherent radiation and
its statistical manifestations in atomic physics are
included in this program to assist development of
other less well characterized energy technologies.

Research on the manipulation of atoms with coherent

photon fields,-on the behavior of plasmas generated
by intense laser beams, and on the physics of low-
temperature plasmas relevant to matenals process-
1ng is also supported.

Facility Operations (KC-03-01:04)

DOE operates‘large scientific facilities for the benefit
of the scientific community. Major user facilities per-
mit forefront research to be conducted in areas impor-
tant to DOE by scientists from industry and univer-
sities in -addition to DOE contractors/grantees.

. Operating support for these expensive, unique facili-

ties ‘that -are open to all qualified researchers is

provided by DOE. Many -of the facilities are user

oriented. Thefour operated by Chemical Sciences are
the following: the Combustion Research Facility (CRF)
at Sandia, Livermore, the High Flux Isotope Reactor
(HFIR) at Oak Ridge National Laboratory, the

Research in Chemical Sciences  iX



PROGRAM SUMMARIES

Stanford Synchrotron Radiation Laboratory (SSRL)
at Stanford, and, shared with the Materials Sciences
Division, the National Synchrotron Light Source
(NSLS) at Brookhaven. They represent research
resources for the general scientific community, and
qualified scientists not associated with the host labo-
ratory are encouraged to make use of them. However,
any activity that can be carried out at commercially
available laboratories is not appropriate for these
DOE-supported facilities. The process by which an
off-site scientist can use a facility is discussed in each
summary.

In addition, another facility at Oak Ridge is operated
as, a service to the scientific community: the Radio-
chemical Engineering Development Center (REDC).

Other facilities described in the “Special Facilities”
section are also available for use through collaboration
with staff scientists. The names of individuals to con-
tact for further information and technical data on
availableinstrumentation at each facility are described.

Processes and Techniques Branch
(KC-03-02)

Chemical Energy (KC-03-02-01)

This program includes basic chemistry research re-
lated to chemical transformations or conversions which
- are fundamental to new or existing concepts of energy
production and storage. Of particular interest are
those research activities with the objectives of under-
standing the chemical aspects of (1) catalysis, both
heterogeneous and homogeneous; (2) the chemistry
of fossil resources, particularly coal, including char-

acterization and transformation;(3) the conversion of -

biomass and related cellulosic wastes; and (4) the
chemistry of precursors to advanced materials. The
disciplines of organic, organometallic, inorganic, physi-
cal, thermo-, and electrochemistry are central to these
programs. The emphasis is on understanding the
fundamental chemical principles underlying the new
and developing technologies and on innovative chemi-
cal research with potential for new energy concepts.

Separations and Analysis (KC-03-02-02)

The separations part of the program supports basic .

research directed toward improving our understanding
of methods for separating mixtures of gases, liquids,
solids, and their component molecules, cations, and
" anions. The program covers a broad spectrum
of separations concepts, including membrane pro-
cesses, extraction under both standard and
supercritical conditions, adsorption, chromatography,

photodissociation, complexation, etc. The research
involves elucidating fundamental chemical phenom-
ena for improved or new separations rather than
developing specific processes.

The analysis part of the program supports research
on phenomena basic to analytical methods, the goal

‘being to improve sensitivity, reliability, and/or pro-

ductivity of analytical determinations. Chemical and
physical principles which can lead to entirely new
methods of analysis are investigated, although this
program does not support instrument development.
Research progress is reported quickly in the open
literature so that those interested in instrument de-
velopment can build on work supported herein. The
program is aimed at obtaining a thorough under-
standing of the basic chemistry of analytical tech-
niques so that their utility can be improved, rather
than solving specific problems in analysis.

Heavy Element Chemistry (KC-03-02-03)

The Heavy Element Chemistry program focuses on a
study of the chemical and certain physical properties
of the actinide elements, principally the transura-
nium elements, because of the importance of these

elements to DOE’s nuclear technology programs and

to an understanding of the basic science in general. A
variety of investigations are pursued, including

- (1) organometallic chemistry, (2) the chemistry of ex-

cited spectroscopic states, (3) thermochemistry of ac-
tinide elements and compounds, (4) the chemistry of
actinides in near-neutral aqueous solutions and the
reactions of aqueous actinide ions with various
complexing agents, (5) the development of prepara-
tive methods for actinide metals and compounds, and
{6) characterization of actinides in the solid state
under pressure. This research is performed princi-
pally at the national laboratories because of facilities
required for handling radioactivity.

Chemical Engineering Sciences
(KC-03-02-04) '

This program addresses energy aspects of chemically
related engineering topics, including thermodynamics,
turbulence related to combustion, and physical and
chemical rate processes. Particular attention is given
toexperimental and theoretical aspects of phase equi-
libria, especially of mixtures, including supercritical
phenomena, and to the physics of gas phase turbu-
lence. Also included are fundamental studies of
thermophysical and thermochemical properties.
Emphasisis given to improving and/or developing the
scientific base for engineering generalizations and
their unifying theories.

- X Research in Chemical Sciences



PROGRAM SUMMARIES

Advanced Battery Technology
(KC-03-02-04)

The Advanced Battery Technology Research and
Development program supports research to develop
new generic battery technology focused on the non-
automotive consumer market with emphasis on im-
provements in battery size, weight, life, and recharge
cycles. Areas of research include materials develop-
ment and characterization, battery component devel-
opment and interactions, characterization methodolo-
gies, and systems development and modeling. Although
both primary and secondary battery systems are con-
sidered, the greatest emphasis is placed on recharge-
able (i.e., secondary) battery systems. The program
covers a broad spectrum of research including investi-
gations of lithium cells, metal hydrides, bifunctional

air electrodes, fundamental studies of composite elec-
trode structures, failure and degradation of active
electrode materials, and thin-film electrodes, electro-
lytes, and interfaces. Characterization and method-
ologies include problems of electrode morphology, zinc
corrosion, separator/electrolyte stability, stable mi-
croelectrodes, and the transport properties of elec-
trode and electrolyte materials and surface films.
Investigations in computational chémistry, modeling,
and simulations, including property predictions, phe-
nomenological studies of reactions and interactions at
critical interfaces, film formation, phase change ef-
fects on electrodes and characterization of crystalline
and amorphous materials are also of interest.

Research in Chemical Sciences  Xi




LABORATORY ADMINISTRATION

Listed below, by laboratory and department or divi-
sion, are persons who are in charge of the Division of
Chemical Sciences projects at DOE laboratories. These
individuals are laboratory, department, or division
administrators who can provide information about
specific programs or refer inquiries to appropriate
individuals.

- AMES LABORATORY
Iowa State University
Ames, IA 50011

Chemical Sciences—Fundamental
Interactions

A. DePristo

Phone: (515) 294-9924

Chemical Sciences—Processes and
Techniques

J. H. Espenson

Phone: (515) 294-5730

Science and Technoiogy
R. B. Thompson
Phone: (515) 294-9649

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

Chemical Technology Division
J. E. Battles
Phone: (708) 252-4383

Chemi‘stry' Division
L. M. Stock -
Phone: (708) 252-3570

Physics Division
H. G. Berry
Phone: (708) 252-4039

BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, NY 11973

Department of Applied Science
L. Petrakis .
Phone: (516) 282-3037

Chemistry Department
N. Sutin
Phone: (516) 282-4301

National Synchrotron Light Source
D. McWhan '
Phone: (516) 282-4966

IDAHO NATIONAL ENGINEERING
LABORATORY

EG&G Idaho, Inc., P.O. Box 1625
Idaho Falls, ID 83415

Chemical Sciences Group
C. A. Allen
Phone: (208) 526-0250

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, CA 94720

Chemical Biodynamics Division
S.-H. Kim '
Phone: (510) 486-4355

Chemical Sciences Division
C. Harris
Phone: (510) 486-6382

Energy and Environment Division
E. J. Cairns
Phone: (510) 486-5028

Nuclear Science Division
T. J. M. Symons
Phone: (510) 486-5670

LAWRENCE LIVERMORE NATIONAL
LABORATORY

University of California

P.O. Box 808

Livermore, CA 94550

C. Gatrouis
Phone: (510) 423-2851

Research in Chemical Sciences
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LABORATORY ADMINISTRATION

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

A. Hartford
Phone: (505) 667-8680

NATIONAL RENEWABLE ENERGY
LABORATORY

1617 Cole Boulevard

Golden, CO 80401

Basic Sciences Division
" 8. Deb
Phone: (303) 231-1105

NOTRE DAME RADIATION LABORATORY
University of Notre Dame
" Notre Dame, IN 46556

R. H. Schuler
Phone: (219) 239-7502

OAK RIDGE NATIONAL LABORATORY
P.O. Box 2008
Oak Ridge, TN 37831

Analytical Chemistry Division
W. D. Shults
Phone: (615) 574-4881:

Chemical Technology Division
R. K. Genung
Phone: (615) 574-6275

Chemistry Division
M. L. Poutsma
Phone: (615) 574-5028

~

Physics Division
S. Datz
Phone: (615) 574-4984

PACIFIC NORTHWEST LABORATORY
P.O. Box 999
Richland, WA 99352

Chemical Sciences Department
W. W. Laity
Phone: (509) 375-2780

D. W. Koppenaal
Phone: (509) 376-0368

Molecular Sciences Research Center
M. Knotek
Phone: (_509) 375-2272

B. R. Stults
Phone: (509) 375-2687

SANDIA NATIONAL LABORATORIES,
ALBUQUERQUE

P.O. Box 5800

Albuquerque, NM 87185

F. L. Vook
Phone: (505) 844-9304

SANDIA NATIONAL LABORATORIES,
LIVERMORE

P.O. Box 969

Livermore, CA 94551

Combustion Research Facility
G. A. Fisk _
Phone: (510) 294-3376

g
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NATIONAL LABORATORIES

Photochemical and Radiation
Sciences

Ames Laboratory
Iowa State University
Ames, 1A 50011

Fundamental Interactions Pro- $600,000

gram

1.  Electrochemical and Optical Studies of
Model Photosynthetic Systems
Cotton, T.M.
515-294-9887

The objective of this project is to prepare and characterize
model systems that are functional biomimetic construc-
tions showing fast and efficient photoinduced electron
transfer. Such systems are intended to perform the elec-
tron transfer functions of the photosynthetic reaction
center, having its essential photochemical attributes if not
necessarily its chemical structure. The basis for these
models is the use of monolayers and multilayer structures,
because they allow control over spacings, distances, and
orientations. Systems are characterized by spectroelectro-
chemical methods. and the sensitive technique of enhanced
Raman spectroscopy, envoked by species on metal sur-
faces. Recent results, obtained from chlorophyll (electron
donor) and viologen (electron acceptor) monolayers have
demonstrated long-lived charge separation through the
detection of stabilized radicals and other transient species.
Vectorial charge separation in vive depends upon highly
ordered structures; therefore the orientational behavior of
components of model systems are studied as spread films
on water as well as those films formed by spontaneous
self-assembly by adsorption onto metal surfaces; these
provide much more ordered structures. Orientation by
electrostatic fields (“poling”) is under study as a more effi-
cient method for orientational control. [2.0 FTE]

2.  Laser Spectroscopy and Electronic Energy
Transfer of Light Conversion Systems
Small, G.J.

515-294-3859 -

The primary photoconversion processes of photosynthesis
are investigated in order to understand the structure—
function relationships that result in the near unit
quantum yield and high solar energy conversion efficiency
of photosynthetic units. Determination of these relation-
ships is viewed as important to the development of
biomimetic solar energy conversion technologies which
generate electricity or fuels. The primary photoconversion
processes are optical excitation (énergy) transfer and elec-
tron transport processes in antenna (light harvesting) and
reaction center complexes. Laser-based optical frequency
domain spectroscopies (e.g., spectral hole burning), devel-
oped in this laboratory for biological applications, are used

to provide a high resolution window on the primary pro-
cesses and the electronic structure of the photocatalytic
chlorophyll states that drive them. These spectroscopies
also yield important information on the interaction
between excited chlorophyll states and the protein envi-
ronment, an interaction that enters into theories of
transport dynamics. Photosynthetic units from both pur-
ple bacteria and green plants are studied. Data obtained
continue to provide fresh insights into energy transfer and
electron transport and are used to test existing theoretical
models and to develop new models. [2.2 FTE]

3. Ultrafast Spectroscopy and Energy Trans-

fer
Struve, W.S.
515-294-4276

Ultrafast fluorescence and pump-probe spectroscopies are
used to characterize electronic excitation transport in nat-
urally occurring and artificial photosynthetic systems.
Recent attention has focused on temperature dependence
of energy transfer and annihilation in LCH-II trimers from
the photosystem II light-harvesting antenna. Current ex-
periments are examining femtosecond energy transfer and
coherent decay in FMO trimers from green photosynthetic
bacteria. New studies will investigate energy transfer in
monolayer and multilayer template systems on 2-D sur-
faces, and exciton transport in 1-D aggregates. [2.2 FTE])

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division $5,200,000
4. Electron Transfer and Energy Conversion
Miller, J.R.; Meisel, D.
708-252-3481

This program seeks fundamental knowledge of electron
transfer (ET) reactions that could be useful in directing
and controlling the flow of electrons and energy in photo-
conversion. Electron transfer rates are studied as a
function of distance, thermodynamic driving force, polar-
ity, temperature, and the nature and symmetry of
molecules between eléctron donor and acceptor groups.
Control of long-distance ET rates by electronic couplings
is a focus of current theoretical calculations and experi-
mental measurements, which use Argonne’s 30-ps
electron linear accelerator. These pulse radiolysis experi-
ments are also producing remarkable information about
ion pairing in solution. Charge transfer across the
electrolyte-solid interface in small semiconductor particles
is studied with emphasis on the well-defined and surface-
modified particles. The dependence of the rate of ET on
the energetics and on solvent parameters is studied in
freely diffusing as well as in immobilized systems. Elec-
tron donor—acceptor groups are bound to the surfaces of
the particles at well-defined distances and orientations.
The effects of these surface-bound electron donor or accep-
tor groups on the energy levels in the particle, and on the
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properties of resultant radicals are investigated 'using‘the
same pulse radiolysis techniques. {6.2 FTE]

5. - Characterization of Photosynthetic Com-

ponents
Norris, J.R.
708-252-3544

The purpose of this project is to prepare and physically
characterize the molecular components that are employed
in studies of solar energy conversion. One novel and quite
important activity of this project is the large-scale produc-
tion of biological materials highly enriched with
nonradioactive isotopes. The isotopic labeling provides a
unique means of studying thé structure and the dynamic
processes involved in efficient solar energy conversion.
Currently, Fourier transform—electron paramagnetic reso-
nance electron spin echo envelope modulation, high-field
electron paramagnetic resonance, and small-angle neu-
tron scattering are used to examine the protonation, the
aggregation, and the microenvironments of components
that participate in the solar energy conversion process of
natural and artificial photosynthesis. The availability and
characterization of these components are prerequisites to
the development of practical solar energy processes that
are based on natural photosynthesis. {1.0 FTE]

6. Photosynthesis Research
Norris, J.R.; Thurnauer, M.; Tiede, D.M.
708-252-3544

The primary goal of this project is to understand the
initial events of solar energy utilization in natural photo-
synthesis such that. this knowledge can be used in
_ practical solar conversion processes. Natural photosynthe-
sis achieves its energy conversion and storage by using
highly sophisticated chemistry that operates with barriers
10 to 50 times smaller than observed in the best artificial
photosynthesis system. Understanding why the natural

process exhibits such efficient chemistry will advance con- |

siderably the ability to harness solar energy for practical
purposes. Because the chemistry of the initial solar en-
ergy conversion processes of natural photosynthesis is
extremely fast, sophisticated physical and chemical
technology is employed in its study. A combination of ad-
vanced experimental techniques, including electron
paramagnetic resonance (EPR), time domain EPR, optical
spectroscopy, time domain optical spectroscopy, and theo-
retical modeling of natural and genetically modified
photosynthetic subunits, is used to probe the structure,
the mechanics, and the energetics of the initial events of
natural photosynthesis. Already, the project is beginning
to suggest plausible new schemes for increasing the effi-
ciency of artificial solar energy devices. [4.4 FTE]

7. Reactive Intermediates in the Condensed
Phase: Radiation and Photochemistry
Trifunac, A.D.; Sauer, M.C., Jr.; Bartels, D.M.;
Werst, D.W.; Jonah, C.D.

708-252-3483

The “high-energy” chemistry that occurs when ionizing
and photoionizing radiation interacts with matter is being
examined. This research uses specialized techniques and
instruments (picosecond electron linac, femtosecond and
picosecond lasers, and time-domain magnetic resonance
methods) to allow unprecedented and comprehensive

studies of short-lived chemical species. The detailed stud- -
ies of reactive species such as radical cations, solvated
electrons, and hydrogen atoms provide the framework for
understanding chemical and biological effects of radiation.
Chemical reactions of such species are also relevant to
fundamental issues in chemical reactivity and technologi-
cally important chemical processes. The processes of
excited state formation, charge separation and transport,
and ion-molecule reactions involve species and reactions .
that have not been previously examined by real-time
methods in the condensed phase. A significant part of this
research effort is the elucidation of the role of solvent as it
modulates chemical reactivity of electrons and ions. In-
novative solvent substitution using low-temperature
matrices and “microreactors” such as zeolites allows stabi-
lization and control of reactions of radical ions. {7.5 FTE]

8. AArtiﬁcial Photosynfhesis
Wasielewski, M.R.
708-252-3538

The purpose of artificial photosynthesis research is to de-
sign, prepare, and study molecules that will convert light
energy into useful chemical energy. The primary photo-
chemistry of natural photosynthesis serves as a model for
highly efficient conversion of light energy into chemical
energy. Artificial photosynthetic charge separation sys-
tems are designed to improve upon the performance of the
natural protein, and to yield photocatalysts that perform
well in typical chemical environments. The initial events
of photosynthesis consist of a sequence of picosecond
electron-transfer reactions between donors and acceptors
that are positioned at critical distances and orientations
relative to one another within a large protein. Thus,
supramolecular systems that consist of multiple electron
donors and acceptors supported by a molecular framework
designed to promote efficient, long-lived charge separation
are synthesized. These supermolecules maintain well-
defined structural, solvation, and electronic relationships
between-the donors and acceptors. The photophysics and
photochemistry of these molecules are examined in detail
with primary emphasis on ultrafast light-induced
electron-transfer reactions that lead to high-yield energy
storage. [3.7 FTE] -

Brookhaven National Laboratory
Upton, L.I., NY 11973

Department of Applied Science $1,030,000
9. Porphyrin Chemistry
Fajer, J.; Barkigia, KM.; Renner, M.W.
516-282-4521

This program focuses on the multifaceted bioenergetic re-
actions mediated by porphyrin derivatives, reactions that
range from light harvesting and energy conversion in
photosynthesis to multielectron catalysis of nitrogen as-
similation, regiospecific synthesis, and conversion of
carbon dioxide to hydrocarbons. The project uses experi-
mental, structural, and theoretical approaches to identify
and characterize the transients and mechanisms of these
photochemical and catalytic reactions with the ultimate
goal of providing specific guidelines for the development of
synthetic photocatalysts. In addition, readily modified
synthetic and theoretical models offer useful insights into
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electron transfer reactions that occur on picosecond
timescales. The work utilizes. photochemistry, electro-
chemistry, magnetic resonance, X-ray and neutron
diffraction, and synchrotron radiation techniques which
are closely supported by theoretical methods. The cumula-
tive thrust of these approaches is to identify the effects of
macrocycle, substituents, metal, conformation, and envi-
ronment on the photophysical, photochemical, and
electron-transfer properties of porphyrins: in photosyn-
thetic and catalytic reactions. [5.2 FTE]

10. Electrochemistry and Photoelectrochem-
istry
Feldberg, S.W.
516-282-4480

The objective of this program is a fundamental
understanding of a variety of electrochemical and photo-
electrochemical phenomena. Areas of interest comprise
theoretical and experimental investigations. The experi-
mental objective is to understand the role of interfacial
structure and organization in a variety of interfacial pro-
cesses [e.g., double-layer relaxations, charge (ion or
electron) transfer between the solution and the electrode,
electron transfer between. electrode and immobilized or
adsorbed redox moieties]). The focus is on heterogeneous
electron transfer and, in particular, on the characteriza-
tion of very fast (submicrosecond) processes. The
experimental approach utilizes an indirect laser-induced
interfacial temperature-jump (ILIT) technique. At its
present level of development ILIT can access interfacial
rate processes occurring in the nanosecond time domain
arguably' exceeding the capabilities of other state-of-the-
art electrochemical approaches. With a faster laser and
faster amplifiers, the ILIT method will be capable of
probing processes occurring in the subnanosecond time do-
main. Theoretical analyses and computer simulations of a
broad range of electrochemical problems comprise a signif-
icant, continuing contribution of this program. [2.3 FTE]

Brookhaven National Laboratory
Upton, LI, NY 11973

Chemistry Department $2,950,000

11. Thermal and Photoinduced Reactions in
Solution - ‘
Creutz, C.; Newton, M.D.; Seltzer, S.; Sutin, N.;
Brunschwig, B.S:; Fujita, E.; Castner, E. .
516-282-4359 .

This program addresses three areas fundamental to the
efficient capture and storage of light energy: (1) excited-
state formation, chemistry, and photophysics; (2) energy
transduction by electron-transfer reactions; and (3)
energy storage through chemical transformations. Theo-
retical and experimental efforts are elucidating the factors
controlling electron-transfer rates and excited-state life-
‘times; the roles’ of electronic configuration, separation
distance, nuclear-configuration and free-energy changes,
as well as the effects of solvent dynamics are being inves-
tigated through studies of transition-metal complexes and
other donor/acceptor systems. The long-term storage of so-
. lar energy as fuels or valuable chemicals requires efficient
coupling of light-absorption and chemical transformation
processes. Mechanistic studies of the photoinduced and

thermal olefin cis-frans isomerization address the nature
of this coupling in the purple membrane proton pump, a
solar energy converter which operates through photocat-
alyzed and protein-catalyzed cis—trans isomerization of its
bound retinal. Chemical and mechanistic studies of
transition-metal centers in high and low oxidation states
are being conducted because such centers can couple pho-
toinduced electron-transfer processes to the bond-forming
reactions required in the photodecomposition of water or
the photoreduction of carbon dioxide to useful chemicals.
[13.4 FTE]

12, Radiation Chemistry
Schwarz, H.A.; Bielski, B.H.J.; Holroyd, R.A.;
Wishart, J.F.
516-282-4330

This program uses pulse radiolysis, photolysis, and syn-
chrotron X-rays to study the behavior of transient
chemical species. Principal areas of investigation are (1)
pressure effects on the properties and reactions of elec-
trons in dielectric fluids; (2) X-ray track effects in
dielectric fluids; (3) formation and reactions of transition-
metal complexes in unusual oxidation states; (4)
bimolecular and intramolecular electron-transfer rates;
and (5) the nature, thermodynamics, and reactions of rad-
icals produced in aqueous solutions: The studies of
electrons in dielectric fluids are of prime importance in
understanding the basic processes of radiation chemistry,
in the development of new detectors for high-energy
physics. The studies of transition-metal complexes are
important in developing and understanding certain homo-
geneous catalysis systems and in schemes for chemical
storage of solar energy. Knowledge of the thermodynamics
of radicals is essential in understanding their electron-
transfer reactions [8.4 FTE]

Lawrence Berkeley Laboratory
University of California, Berkeley
Berkeley, CA 94720

Structural Biology Division $475,000
13, Artificial Photosynthesis

Calvin, M.; Otvos, J. W.

510-643-5237

The project objective is to devise a synthetic system: for
storing the energy of visible light. The approach involves
basic photochemical research in areas that will improve
understanding of the relevant parts of such.a storage sys-
tem: First, there is a photoinduced electron-transfer
process across a-phase boundary, mimicking the natural
photosynthetic process, followed by a.stabilization of .the
initial electron-transfer products. These products are then
catalytically converted. to hydrogen and oxygen, the re-
sults of water photolysis, or to reduced organic.compounds
and oxygen if carbon dioxide is used as the substrate. For
such an energy storage system to succeed, appropriate
catalysts must be found for the final step on both the re-
duction and-oxidation sides, the latter-of which Has proved
to be the more difficult and challenging. What is needed is
a chemically. robust compound that can be transformed
easily and reversibly among several oxidation states so
that it might, therefore, be able to mediate the multielec-
tron oxidation of water to oxygen. Oligomers of transition
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metals complexed with macrocyclic ligands appear to be
excellent candidates for such a catalyst, and their synthe-
sis and characterization is the main focus of the program.
[1.4 FTE)

14. Chemistry with Near Infrared Photons
Frei, HM.
510-486-4325

The objective of this project is to establish useful chem-

istry that can be driven by the sun’s most abundant,

long-wavelength photons. Current focus is on reactions
that serve as models, or suggest new concepts, in two ar-
eas. The first is red and near-IR light-assisted synthesis of
organic building blocks and high-value compounds from
abundant chemicals. Controlled atom and group transfer
reactions are explored by excitation of reactant pairs in
inert cryogenic matrices. Laser photochemical and Fourier
transform-infrared (FTIR) probing methods are employed

to elucidate detailed reaction paths. Most recent examples -

are highly regio- and stereospecific photooxidations of
small alkenes and alkynes by red light-excited nitrogen
dioxide. The unique photochemistry of cage reactant pairs
is now being explored for new controlled synthesis of high-
value compounds in inert zeolite matrices at ambient
temperature. In the second area, temporary chemical stor-
age of near-IR photons and conversion into electrical
energy, most recent work focuses on the detailed under-
standing of redox chemistry relevant to the development
of regenerative electrochemical cells for near-IR light-to-
electricity conversion. An example is the first direct
observation of the rise of the one-electron oxidation inter-
mediate upon photooxidation of iodide at dye-sensitized
TiO;. This furnishes new insight into elementary reaction
steps of halide oxidation at the semiconductor—solution in-
terface. (2.3 FTE]

National Renewable Energy Labora-
tory
Golden, CO 80401

Basic Sciences Division $1,450,000
15. Photophysics and Photochemistry of
Porphyrin Systems and Photosystem II Re-
action Centers
Connolly, J.S.; Seibert, M.
303-231-1873

Efficient storage of solar energy by electron-transfer (ET)
processes depends on both the yield and the lifetime of the
redox pair. In homogeneous solutions, rapid reverse ET
generally precludes coupling of the initial photoreaction to
secondary reactions, which will be necessary in a practical
device. Several new molecules have been synthesized that
were designed specifically to study the effects of electronic
coupling and energetics on the rates of intramolecular ET.
Current investigations are concerned with tightly linked
molecules in strong electronic coupling between the donor
and acceptor moieties that gives rise to emissive charge-
transfer states that are highly sensitive to the dielectric
environment of the host medium. By appropriate choices
of substituent groups these molecules can be “tuned” to
function in low-dipolar media. Thus they can be used to

probe the dielectric properties of semirigid matrices, in-
cluding polymers, vesicles, and protein membranes. These -
results demonstrate that it is possible to assemble multi-
component molecular systems in which the fraction of
excited-state energy that can be converted to stored redox
is maximized. This will be another significant step in as-
sembling a synthetic photoreaction center. Energy

.transfer and primary charge separation in isolated an-

tenna and photosystem II reaction-center complexes are
also under investigation. [2.5 FTE]

-16. Surface-Modified Semiconductor Elec-

trodes for Solar Photochemical Energy

Conversion
Frank, A.J.
303-231-1962

Fundamental issues are being addressed relating to
molecular solids as photosensitizers, ground-state com-
plexes in photochemical systems, chemically modified
semiconductor particles, junction modification of semicon-
ductor electrodes, and surface charge recombination at
the semiconductor-liquid interface. Extensive work was
completed on the photophysical and photocatalytic behav-
ior of a novel molecular semiconductor based on a
platinum(II) double salt. The structural, thermodynamic,
and photophysical properties of rose bengal and methyl
viologen complexes in the presence of SiO; were also in-
vestigated. Electrostatic interactions of the colloid with
rose bengal and methyl viologen were found to have an
important and beneficial effect in controlling the photo-
physical and photosensitizing properties of the dye in the
system. A redox functionalized polymer was developed for
improving electron-transfer kinetics of TiO. colloids by al-
tering the surface environment. Photoinduced electron
transfer from TiO; particles to electron acceptors ap-
pended to the polymer backbone was more favorable than
that to solution-solubilized electron acceptors. The photo-
electrochemical generation of a shallow p-type region in
n-CdTe is being investigated. The photoelectrochemically
modified CdTe displays a significant increase in photocon-
version efficiency compared with the unmodified material.
Surface recombination and charge-transfer processes at
the n-Si:liquid interface are also under study. [2.0 FTE]

17. Photoconversion Processes in Liquid Crys-
tal Porphyrin Films
Gregg, B.A.
303-231-1285

Energy transfer and electron-transfer processes are being
studied in highly ordered thin films of liquid crystal por-
phyrin. The photoconversion processes in such films are
predominantly controlled by the interfacial kinetics of ex-
citon dissociation, rather than by the bulk electric field.
The physical processes of energy transfer and asymmetric
exciton dissociation occurring in these porphyrin films are
similar to those occurring in natural photosynthesis.
Interfacial exciton dissociation reactions are being investi-
gated with the use of thin films of materials with discréte
electronic states, for example, redox polymers. These films
are interposed between the porphyrin and the electrode;
the overlap of the energetic states at the interface controls
the rate and polarity of the dissociation and electron-
transfer processes. The energetic levels of the interfacial
films are being tuned throughout the bandgap of the por-
phyrin to map out the kinetics of these processes. This
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research will help clarify the mechanisms of photoconver-
sion processes both in molecular semiconductor films and
in natural photosynthetic membranes. Measurements of
dark currents, photovoltaic effects, impedance properties,
and steady-state and time-resolved photoluminescence
are currently being performed. A kinetic model describing
these systems is being developed. [1.8 FTE]

18. Quantization Effects in Photoelectrochem-
istry
Nozik, A.J.
303-231-1953

Research is being conducted to determine in detail the re-
laxation dynamics of photogenerated charge carriers at
III-V semiconductor-liquid-electrolyte interfaces, and to
determine the effects of size quantization in one dimen-
sion (quantum films) and in three dimensions (quantum
dots) on these dynamics. Of particular interest is the de-
termination of the rates of photoinduced electron transfer
to redox acceptors in solution, which can then be com-
pared to the rates at which photogenerated hot electrons
cool and transfer their excess energy to the lattice as heat.
Quantum well structures containing any combination of
Ga, In, As, P, and Al can be grown in the newly con-
structed, low-pressure metalorganic chemical vapor
deposition (MOCVD) in layers as thin as 10 A. Quantum
dots of GaAs as small as about 12 A are capped with or-
ganic groups and can be prepared as stable colloids via
low-temperature (< 200 °C) chemical synthesis; quantum
dots of InP are now being prepared by similar approaches.
[6.0 FTE]

Notre Dame Radiation Laboratory
University of Notre Dame
Notre Dame, IN 46556

Radiation Laboratory $3,350,000
19. Organic Photochemical Processes
Chateauneuf, J.E.; Hug, G.L.
219-631-5458 :

Time-resolved spectroscopic techniques are used to
directly monitor organic reaction intermediates and mea-
sure the Kkinetics : and energetics of photo- and
electron-induced processes in order to elucidate detailed
mechanisms of these fundamental chemical transforma-
tions. The complementary use of laser flash photolysis and
pulse radiolysis as initiation sources to selectively gener-
ate transient species is instrumental in identification and
kinetic analysis of chlorine atoms and in measurement of
their solute reactivity. Molecular complexes of chlorine
atoms with benzene, pyridine, and carbon disulfide have
been characterized. This strategy has also been successful
in identifying a variety of intermediates generated by pho-
toinduced electron transfer from sulfur-containing amino
acids to aromatic ketone triplets. Absorption and emission

techniques are also used to observe quenching of organic '

triplet states by transition-metal complexes. These results
are being analyzed utilizing' models of competitive
energy—electron transfer. Well-defined photophysical and
photochemical probes are also being used to investigate
fluid dynamics and chemical interactions in supercritical

fluids. Modifications in chemical reactivity due to en-
hanced diffusivity, solvent and cosolvent interactions,
clustering effects, and geminate processes are being inves-
tigated. Application of pulse radiolysis to supercritical
fluid samples, including supercritical water, is under de-
velopment. {3.5 FTE]

20. Quantum Mechanical Studies of
Radiation-Produced Intermediates
Chipman, D.M.; Carmichael, 1.C.; Bentley, J.
219-631-5562

Chemical properties of highly reactive species, particu-
larly free radicals and excited-state molecules, are
characterized from theory to facilitate interpretation of ex-
perimental data on early processes following radiolysis or
photolysis. The nature of the ensuing species is elucidated
by calculation of various spectroscopic properties using
modern methods of ab initio electronic structure theory.
In recent work the vibrational and electronic structures of
p-phenylenediamine radical cation were computed to
analyze time-resolved resonance Raman spectroscopic ex-
periments. The results led to reassignment of several
fundamental modes and also provided, for the first time,
an explanation of the striking changes in relative intensi-
ties observed for different vibrational modes as the
excitation wavelength is varied. Accurate determination
of one-, two- and three-bond nuclear spin—spin coupling
constants was achieved for a variety of hydroxylated alka-
nes using compact Gaussian basis sets and sophisticated
techniques for electron correlation recovery. Scaling proce-
dures were also developed to allow quantitative prediction
of these interactions in much larger systems for which
only lower level computations are currently feasible.
Theoretical methods were employed to disprove an experi-
mental claim of unusual effectiveness of lithium cation as
a radical stabilizer in gas-phase reactions. [4.6 FTE]

21. Inorganic Photochemical Processes
Ferraudi, G.J.
219-631-7676

Mapping of the electronic excited-state potential surfaces
of various families of coordination complexes is being con-
ducted by comparing action spectra of monophotonically
and. biphotonically induced photoprocesses. Quantum
yields for photoreactions induced in biphotonic absorp-
tions and those induced in monophotonic absorptions are
determined under conditions corresponding to the same
excitation energy. In these studies, the photochemical re-
activity -of electronic states, not populated directly from
the ground state, as well as the photochemical reactivity
of short-lived reaction intermediates, is investigated by
using time-resolved sequential irradiations. Magnetoki-
netic effects on the rates of reaction of inorganic radicals
with coordination complexes and on inner-sphere electron
transfer reactions of coordination complexes are being in-
vestigated as -a function of the magnetic induction
between 0 and 9 tesla. Complementary information con-
cerning the electronic structure of the reactants is being
gathered by using time-resolved MCD spectroscopy. Re-
sults of these studies are compared with magnetic field
effects on the rates of outer sphere electron transfer
reactions of coordination complexes. The aim of these in-
vestigations is to characterize electronic parameters that
determine rates of various photoinduced processes, (e.g.,
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radiationless relaxation, electron transfer, and character-
istic excited-state reactions). [3.3 FTE]

22. Microwave Studies of Radiation-Produced
Radicals
Fessenden, R.W.; Madden, K.P.
219-631-5354

The molecular electronic, structural, and environmental
factors controlling reaction rates and pathways for radi-
cals and excited states formed by radiolysis and photolysis
are determined by electron paramagnetic resonance
(EPR), optical, and microwave absorption methods.
Definitive électronic and geometrical structures are deter-
mined from EPR spectra for correlation with reactivity
patterns. Spin multiplicities in radical formation reactions
follow from chemically induced dynamic electron polariza-
tion (CIDEP) as do electronic interactions experienced by
pairs of radicals or by radicals and excited states during
formation and reaction. Kinetic EPR experiments eluci-
date the variation in nitroso spin trapping rate constants
" caused by variations in radical structure near the SOMO
of carbohydrate model systems. Pilot experiments indicate
that steric hindrance and electronic effects also strongly
modulate trap-parent radical interactions when cyclic ni-
trone traps are used. The persistence of hydroxylalkyl
radical-nitroso spin adducts has been measured; aminoxyl
radical lifetimes varied from tenths of a second to over one
year. Microwave dielectric absorption by photochemical
intermediates maps their charge distribution to help ex-
plain variations in reaction mechanism in solvents of
differing polarity. Direct or sensitized yield, mobility, de-
cay kinetics, and chemical availability of photoinduced
charge carriers in semiconductor particles and films are
also measured by microwave absorption. {4.8 FTE]

23. Photochemical and Photoelectrochemical

Processes for Energy Conversion
Kamat, P.V.
219-631-5411

Quantized ZnO, TiO2, and WO; colloids are employed to
develop optically transparent thin semiconductor films for
photoelectrochemical conversion and storage of solar en-
ergy. A variety of interesting properties of these thin
particulate films (e.g., electrochemical rectification, photo-
electrochromic effect, and photosensitization) are studied
to improve the efficiency of photoelectrochemical cells. Im-
provement in photoinduced charge separation is achieved
by coupling two semiconductor colloids directly or by
bridging them with surface modifiers. Kinetics and mech-
anistic details of charge transfer processes in coupled
semiconductor colloids (e.g., ZnO-CdS) are elucidated
‘with fast kinetic spectroscopy as well as photovoltaic
measurements. Methods are being developed to store pho-
toinduced electrons in WOQj3 colloids and utilize stored
electrons for reduction of oxazine dyes in the dark. Efforts
are also being made to extend the photoresponse of large
bandgap semiconductors with novel dyes absorbing in the
IR (e.g., squaraine dyes). Picosecond and nanosecond laser
flash photolysis techniques are being used to probe the
mechanisms with which these dyes participate in the
charge injection process with semiconductor colloids such
as SnO;, TiOs, and ZnO. Photochemical reactions on oxide
surfaces such as SiO; and Al,O; are investigated to im-
prove electron transfer selectivity and efficiency. [5.4 FTE]

24. Track Effects in Radiation Chemistry
LaVerne, J.A.; Mozumder, A.; Pimblott, S.M.;
Schuler, R.H. .

219-631-5563

Experiment and theory are employed to elucidate the ef-
fects of particle track structure on radiation chemical
kinetics. Heavy ions from the Notre Dame Nuclear Struc-
ture Laboratory facility are used to probe the scavenger
concentration dependence of the hydrated electron yield in
water as a function of particle energy and linear energy
transfer. The influences of track structure on the temporal
variation of radical and product formation in cyclic
hydrocarbons are determined with iodine scavenging tech-
niques. Radiolysis of the Fricke dosimeter with up to 70
MeV/mucleon ions is performed using the superconducting
cyclotron at Michigan State University. Diffusion-kinetic
techniques for modeling nonhomogeneous radiation chem-
istry are used to probe the dependences of the observed
yields in the radiolysis of aqueous solutions on track ge-
ometry and bulk temperature. The kinetics and spatial
correlations of the reactions of spur reactants with micro-
molecules are examined using stochastic simulations.
Factors affecting recombination in multiple ion-pair clus-
ters in hydrocarbons are investigated using Monte Carlo
and master equation methods. Theoretical models are
used to reconcile the initial energy deposition mechanisms
in water, hydrocarbons, and liquefied rare gases and their
relationship to the observed ionization, luminescence, and
product formation. [6.4 FTE]

25. Influence of Ordered Molecular Assem-
blies on Photochemical Processes
Patterson, L. K.

219-631-5403

The kinetics of photochemical- and radiation-induced pro-
cesses are determined in organized molecular assemblies,
such as lipid Langmuir films, to elucidate the mechanisms
by which this type of media may be used to exercise ki-
netic control over reactions relevant to energy storage.
Emphasis is placed on modifying the rates and efficiencies
of electron or energy transfer to generate and stabilize re-
active intermediates. It is shown that interactions of
donors, such as lipid functionalized quantized particles or
hydrophobic dyes, with appropriate acceptors (e.g., violo-
gens) may be controlled by molecular organization in the
assembly. Lipid structure, headgroup charge, surface
compression and subphase composition (e.g., pH) are
among parameters that are manipulated to alter molecu-
lar organization in reaction environments. Steady-state
and time-resolved excited-state fluorescence, as well as
ground-state absorption and reflectance techniques, -are
developed to monitor kinetics and characterize the micro-
scopic order of the assembly investigated. Considerable
attention is given to the influence of such parameters on
both ground-state reactivity and excited-state behavior of
chlorophyll and related compounds. Processes involving
triplet states or radicals, which pose considerable difficul-
ties for measurement in monolayers, are investigated in
micelles by flash photolysis and pulse radiolysis. [4.1 FTE)
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26. Radiation Chemistry Data Center
Ross, A.B.; Helman, W.P.; Hug, G.L.;
Carmichael, I1.C.

219-631-6528

Kinetic, spectroscopic, and thermodynamic data for pro-
cesses in solution involving reactive intermediates,
including free radicals and excited states, are being com-
piled, evaluated, and collected into databases. These
compilation efforts are primarily focused on time-résolved
photochemical and radiation chemical research. A hand-
book on photochemistry and photophysics of organic
molecules has been completed. Included are quantum
yields and rates for various unimolecular and bimolecular
excited-state processes, energy levels, and spectral param-
eters. A critical compilation of quantum yields for
photosensitized production of singlet molecular oxygen in
solution has been published. Another review in prepara-
tion involves rate constants for reactions of transients
derived from metal ions and metal complexes in aqueous
solution. A database for the chemical .kinetics of radical
processes in solutions, the NDRL-NIST Solution Kinetics
Database, has been released for use on IBM compatible
personal computers. The Radiation Chemistry Data Cen-
ter (RCDC) currently provides online services for
searching numeric databases containing rate constants
for reactions of inorganic radicals in aqueous solution and
a database of triplet—triplet absorption spectral data in
condensed phases. A bibliographic database, RCDCbib, is

used to produce the current-awareness publication, “The -

Biweekly List of Papers on Radiation Chemistry and Pho-
tochemistry”. (4.6 FTE]

27. Radiation-Induced Chemical Reactions
Schuler, R.H.; Tripathi, G.N.R.; Patter-
son, L.K.
219-631-7502

Mechanisms of radiation-induced reactions are being de-
termined by time-resolved absorption and resonance
Raman measurements as well as by product analysis.
High-pressure liquid chromatographic (HPLC) methods
are utilized to examine oxidation processes in the radioly-
sis of aqueous solutions of organic substrates. In
particular, studies of hydroxylation of aromatic systems
show that various substituents have pronounced directing
effects in determining the position of OH radical attack.
Quantitative studies can be conducted at doses ~1000
rads where products are generated at micromole concen-
trations. These product analysis studies, coupled with
time-resolved transient absorption and resonance Raman
measurements in pulse radiolysis, give a detailed picture
of the mechanisms of attack on organic substrates by ini-
tial radiation-produced intermediates. Time-resolved
Raman studies also provide structural data concerning in-
- termediates. Of particular note are Raman studies of
sulfur containing radicals that give information on
electron distribution not available from electron spin reso-
nance studies. Investigation of electron scavenging by
. halogenated organics is also being conducted utilizing cap-
illary electrophoresis methods that have recently become
available. These latter studies are aimed at determining
the concentration dependence of electron scavenging to
provide information on decay of hydrated electrons in ra-
diation tracks. [9.9 FTE] t

Chemicalﬂ Physics

Ames Laboratory
Iowa State University
Ames, IA 50011

Fundamental Interactions Pro- $725,000

gram

28. Chemical Theory
DePristo, A.E.
515-294-9924

The focus of this research is the theoretical description of
the structure and dynamics of metal clusters in terms of
their fundamental atomic and electronic constituents. The
goal is to determine the structure and energy of various
clusters, and to investigate the relationship between these
properties and the reactivity of clusters with different gas-
phase molecules. Ab initio and semiempirical quantum
mechanical electronic structure techniques are utilized
along with classical dynamics and classical Monte Carlo
methods. Theoretical developments are directed toward a
combination of electronic structure techniques with molec-
ular dynamics (i.e., calculation of forces by solution of the
electronic structure problem at each needed geometry in a
molecular dynamics simulation). Another effort involves
analysis of the kinetics and nonequilibrium structure
associated with irreversible or far-from-equilibrium ad-
sorption and catalytic reaction processes on solid surfaces.
The goal is to understand the interplay between kinetics
and structure. {2.0 FTE]

29. Molecular Beam Photoionization and
Photodissociation Studies of Molecules,
Clusters, and Radicals
Ng, CY.

515-294-4225

The goals of this program.are (1) to obtain accurate ther-
mochemical data, such as ionization energies and bond
dissociation energies, for neutral polyatomic molecules,
radicals, and their ions; (2) to study the photoionization
and photodissociation dynamics of molecules and radicals
induced by the absorption of UV and VUV photons; and
(3) to investigate the reaction dynamics and mechanisms
of fast radical-molecule and radical-radical reactions.
One current focus is on the studies of organosulfur radi-
cals and transition- metal carbonyl compounds and their
fragments. Oxidation of organosulfur compounds, which
are emitted to the atmosphere due to the incomplete com-
bustion of coal and oil, ultimately leads to the formation of
S0, and acid rain. Previous studies indicate that the
oxidation rate for organosulfur pollutants increases sub-
stantially in the presence of UV radiation. The study of
the UV and VUV photochemistry of organosulfur species
is relevant to the modeling of atmospheric sulfur chem-
istry cycles. Motivated to obtain a detailed understanding
of the catalytic ability of transition metal ions, experi-
ments have been initiated to examine systematically the
energetics and reactivities of transition metal carbonyl
compounds and their fragments. Recent focuses have also
been expanded to include oxygen-containing hydrocarbon
radicals. [5.0 FTE]
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30. Molecular Bonding Theory
Ruedenberg, K.
515-294-5253

Quantitative methods of ab initio quantum mechanics are
used to determine molecular properties and characteris-
tics of chemical reactions. The efforts are focused on
potential energy surfaces, which represent the central
conceptual as well as quantitative entities in chemical
physics, governing molecular energetics as well as dynam-
ics and kinetics. Global characteristics as well as critical
local features (metastable intermediates, transition
states, reaction paths, bifurcation, intersections, and so

forth) are elucidated through fundamental analyses and

examined through large-scale computations in concrete
systems. Attention is focused on systems related to hydro-
genation, combustion, and atmospheric chemistry, in
particular molecules containing carbon, hydrogen, and
oxygen. Current investigations determine the potential
energy surfaces of the 10 lowest singlet and triplet states
of ozone so . as to complement the limited experimental
information on this important molecule. In other investi-
gations, reaction-path-following methods are developed.
Also, quantitative methods are developed for the interpre-
tation of ab initio energy changes along reaction paths in
terms of interactions between atoms in molecules that can
be fitted into the chemical intuition of nontheorists. The
atoms-in-molecules analysis is furthermore used as the
basis for identifying methods for a more efficient recovery
of electron correlation. [2.5 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division

31. Photoionization-Photoelectron Research
Berkowitz, J.
708-252-4086

The VUV photoionization of atoms, free radicals, and
small molecules is studied at high photon resolution. The
transient species are prepared in situ by pyrolysis, subli-
mation, electrical discharge, or chemical reaction. The
ongoing studies of atoms are revealing systematic behav-
ior in the breadth and shape of autoionizing lines, which
may be rationalized with a simple theory even though it is
inherently a complex, many-body phenomenon. The
free-radical studies are currently providing accurate ther-
mochemical information on important intermediates in
combustion reactions, and in the plasmas used for thin
film technology. In continuing studies of combustion inter-
mediates, the ionization potential of CHoSH was obtained
for the first time, and that of its isomer, CH3S, was cor-
rected. From these data, heats of formation of CH;SH,
CH3S, and their cations were derived. These values re-
solve a discrepancy that had arisen recently between ab
initio calculations and other experimental results. Addi-
tional studies have been performed on the species CH,S,
HCS, and their cations, thereby completing the under-
standing of the stepwise decomposition of methanol. In
another apparatus, the VUV photoionization spectra of Bi,
Bi,, Bis, and Bis, as well as Sbe and Sby, have been ob-
tained. Preliminary data have also been obtained on Sb,
SbH, SbH;, and SbHj;. These results have practical appli-

cations in the preparation of semiconductors, provide

$4,050,000 -

fundamental information on the behavior of clusters and
on the bond energies of Group V hydrides, and will
provide a complete, systematic understanding of the au-
toionization behavior of all Group V atoms. [2.0 FTE]

32. Metal Cluster Chemistry Research
Riley, S.J.; Parks, E.K.; Jellinek, J.; Knickel-
bein, M.B.
708-252-6793

The chemical and physical properties of isolated clusters
of transition-metal atoms are studied both experimentally
and theoretically. Experimental measurements of chemi-
cal reactivity, product compositions, and adsorbate
binding energies are made, together with determinations
of the nature of adsorption sites and cluster geometrical
structure. Another experimental effort studies such physi-
cal properties as ionization potentials, the dependence of
ionization potential on adsorbate coverage, and the optical
absorption spectra of isolated clusters. An interactive the-
oretical effort studies, via dynamical simulation, such
properties as cluster structure, phases and phase changes,
stability and fragmentation patterns, and the interactions
of clusters with molecules. A goal common to all these
studies is to understand how cluster properties depend on
structure and how structure depends on cluster size. Ulti-
mately, these studies will provide a better understanding
of surface chemistry and heterogeneous catalysis. [7.0
FTE]

33. Chemical Dynamics in the Gas Phase
Wagner, A.; Davis, M.; Harding, L.; Shep-
ard, R.; Liu, K.; MacDonald, R.; Michael, J.;
Hessler, J.; Gray, S.
708-252-3597

The project mission is to characterize the reactive proper-
ties of small molecules and radicals in the gas phase, with
an emphasis on those species of importance in combustion
chemistry. The mission is conducted by combining theo-
retical studies in the energetics and dynamics of chemical
reactions with experimental studies in chemical dynamics
and kinetics. The theoretical effort embraces both large-
scale applications of existing theoretical methods and the
development of new methods that efficiently exploit ad-
vanced computer architectures. The experimental effort
encompasses both molecular beam studies of state-to-
state processes and shock tube studies of both high- and

* low-temperature kinetics. A new flow tube apparatus for

the measurement of state-resolved product distributions
of radical-radical reactions has been recently constructed
and the first measurements are being obtained. The close
coupling between theory and experiment brings a unique
combination of expertise to bear on the study of chemical
reactivity. [11.9 FTE]

8 Research in Chemical Sciences



CHEMICAL PHYSICS
Brookhaven National Laboratory

Brookhaven National Laboratory
Upton, L.I., NY 11973

Dej)artment of Applied Science $620,000

34. Combustion Kinetics and Reaction Path-
ways
Klemm, R.B.; Sutherland, J.W.
516-282- 4022

This project is focused on the fundamental chemistry of
combustion. The overall objectives are to determine rate
constants for elementary reactions and to elucidate the
pathways of multichannel reactions. A multitechnique ap-
proach that features three independent experiments
provides unique capabilities in performing reliable kinetic
measurements over an exceptionally wide range in tem-
perature, 300 to 2500 K. Recent kinetic studies have
focused heavily on the methane dissociation system (CH,4
+ Ar - CH; + H + Ar and H + CHy — CH; + H).
Hydrogen atoms were monitored directly in shock tube ex-
periments that employed the extremely sensitive atomic
resonance absorption method. Additionally, a discharge
flow—photoionization mass spectrometer (DF-PIMS) ex-
periment is used to determine branching fractions for
multichannel reactions and to measure ionization
thresholds of free radicals. Thus, these photoionization ex-
periments generate data that are relevant to both reaction
pathways studies (reaction dynamics) and fundamental
thermochemical research. The DF-PIMS apparatus was
designed to be operated on the U-11 beam line at the Na-
tional Synchrotron Light Source. Two distinct advantages
of performing PIMS with tunable VUV light are high-
detection sensitivity and exceptional selectivity in
monitoring radical species. [4.8 FTE]

Brookhaven National Laboratory
Upton, LI, NY 11973

Chemistry Department $2,925,000

35. Energy Transfer Studies in Cluster Im-
pacts
Friedman, L.; Beuhler, R.J.
516-282-4325

This research is concerned with fundamental aspects of
the energy transfer that occurs when accelerated cluster
ions impact on solid surfaces. The use of nuclear fusion re-
actions as a diagnostic tool is being explored to stud$§ the
properties of dense, energetic atomic assemblies produced
by the impact of accelerated-cluster ions on solid surfaces.
Products of fusion reactions have been observed when
cluster beams impact on suitable target surfaces. The in-
terpretation of the results of these experiments is clouded
by the possibility that accelerated cluster ion beams are
contaminated with high-velocity deuterium-containing
impurities. An immediate goal is the determination of the
extent and nature of collective interactions of projectile
cluster ions with target atoms, which lead to fusion reac-
tions and which can be clearly ascribed to cluster impacts.
[3.4 FTE]

36. Gas-Phase Molecular Dynamics
Weston, R.E.; Muckerman, J.T.; Sears, T.J.;
Preses, J.; Hall, G.E.
516-282-4373

Research in this program explores the energetics and
dynamics of molecular collision phenomena and photodis-
sociation, as well as the microscopic factors affecting the
structure and dynamics of short-lived intermediates in
gas-phase chemical reactions. Both experimental and the-
oretical techniques are directed toward the study of the
spectra of small free radicals, and of state-to-state
dynamics of gas-phase collision, energy-transfer, and pho-
todissociation phenomena. The objective is a fundamental
understanding of transient species and chemical
processes, especially those related to combustion. Experi-
mental tools include diode laser absorption; pulsed
excitation using IR, visible, or UV lasers; laser-induced
fluorescence and stimulated emission pumping; time-
resolved Fourier transform infrared (FTIR) detection of
excited species; and time-resolved fluorescence studies.
These are augmented by theoretical studies in which
quasi-classical, semiclassical, and quantal methods,
particularly those combining classical and quantal
wavepacket descriptions for different degrees of freedom,
are developed and applied to prototypical chemical sys-
tems. [11.2 FTE]

37. Gas-Phase Photoionization of Molecules
and Molecular Complexes
White, M.; Grover, J.R.; DiMauro, L.
516-282-4345

The general aims of this program are the detailed study
of molecular photofragmentation dynamics and the
characterization of the structure, spectroscopy, and in-
tramolecular dynamics of free radical species and weakly
bound molecular complexes.- Intense synchrotron and
laser radiation sources are used to induce excited neutral
or ionic state processes such as dissociation, dissociative

‘rearrangement, chemi-ionization and autoionization, the

products of which are probed by a variety of
photoionization-based techniques. State-resolved dissocia-
tion and photoionization measurements focus on the
partitioning of energy and angular momentum in elemen-
tary molecular photofragmentation processes. Parallel
investigations of weak molecular complexes are aimed at
obtaining mechariistic and dynamical information on
dissociative rearrangement processes of molecular inter-
mediates produced by photoionization. Time-resolved
fluorescence studies are aimed at probing the structure
and dynamics of “cold” chemically transient species. Stud-
ies of the effects of well characterized laser fields on
simple, isolated systems are also under investigation with
the ultimate goal of controlling modified collision dynam-
ics for physical and chemical processes. [6.5 FTE]
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38. Energy Transfer and Structural Studies of
Molecules on Surfaces
Harris, C.B.
510-642-2814

The goal of this research is to study the dynamics of ex-
cited electronic states on surfaces, at interfaces, and in
condensed phases and to develop new laser techniques for
studying these dynamics. The research program is both
theoretical and experimental in character, and includes
nonlinear optical and ultrafast laser techniques in addi-
tion to a variety of standard surface science tools for
characterizing surfaces and adsorbate—surface interac-
tions. Recent work has centered on the development of
new techniques based on two photon photoemission for
studying the dynamics of electrons at interfaces on
femtosecond time scales and carrier diffusion in semicon-
ductors. The results of this program have a direct bearing
on high-speed technological devices and materials, and on
other problems of general interest such as the dynamics of
electrical transmission in conductors on ultrafast time
scales and the optical properties of thin films. [2.5 FTE]

39. Chemical Dynamics
Lee, Y.T.; Lester, W.A.; Miller, W.H.;
Moore, C.B.; Kung, A.H.; Neumark, D.; John-
ston, H.S.
510-486-6154

The objectives of this program are to develop the basic
knowledge and understanding of the mechanisms and dy-
namics of elementary chemical reactions that have major
impact on combustion, advanced energy production, and
photochemistry of materials in the stratosphere. These
objectives are achieved with a strongly coupled ex-
perimental and theoretical-computational approach.
Dynamical studies use advanced molecular beams
and photofragmentation spectroscopy. Kinetics studies
employ photofragment excitation spectroscopy and
high-resolution laser spectroscopy. Free-radical photodis-
sociation is probed wusing fast neutral beams. All
experiments employ the latest advances in laser technol-
ogy, beam source, and detection technologies. New
‘theoretical methods and models are developed both to pro-
. vide insight into chemical reactivity and the dynamics of
reactive processes, and to allow forefront calculations that
guide and ‘model various of these experimental studies.
Some of the most significant recent results include dissoci-
ation mechanism of cyclic and heterocyclic hydrocarbons,
essential information on the structure of the trhnsition
state of ketene, detailed dynamics of 3- and 4-centered Hy
elimination from ethylene, structure and dynamics of dis-
sociative states of trinitrogen, and detailed- theoretical
and experimental understanding of dynamical reso-
nances. Progress in theoretical development includes new
approaches to quantum scattering and quantum transi-
tion state theory, description of molecular interactions on
transition metal surfaces, and modeling heterogeneous re-
actions in the stratosphere. Current studies focus on the
energetics and reactivity of free radicals, clusters, and

highly excited polyatomic molecules, on the structure and
dynamics in the transition state region, on the micro-
scopic mechanisms of primary photodissociation and
bimolecular processes, and on the development of a high-
power tunable IR laser. [20.0 FTE]

40. Physical Chemistry with Emphasis on
Thermodynamic Properties
Pitzer, K.S. '
510-642-3472

The purpose of this project is the discovery and develop-
ment of methods of calculation of thermodynamic and

" related ‘properties of important chemical systems by use of

quantum and statistical mechanics together with experi-
mental measurements for key systems. Primary emphasis
will be on multicomponent fluids both neutral and ionized,
with particular attention to phase equilibria, critical be-
havior, and the supercritical region. Aqueous solutions of
electrolytes which are fully dissociated into ions at tem-
peratures up to 300 °C become largely associated into
neutral species at higher temperatures because of the
great decrease in the dielectric constant. This aspect re-
quires special theoretical methods now being explored for
initial application to NaCl-H20O in the range from 600K to
at least 1200 K. Recent contributions of this project have
included theoretical calculations of the phase relations
and critical properties of pure ionic fluids and measure-
ments of these and other properties of binary fluids that
model the pure ionic fluid at experimentally accessible
temperatures. Investigations often involve collaboration
with Lawrence Livermore National Laboratory (LLNL),
Oak Ridge National Laboratory (ORNL), or United States
Geological Survey (USGS) and concern systems of both ge-
ological and industrial importance. [1.0 FTE]

41. - Chemical Physics at High Photon Ener-
gies
Shirley, D.A.
510-486-7633

This project is focused on the future utilization of the Ad-
vanced Light Source, now under construction at the
Lawrence Berkeley Laboratory, for research in chemical
physics. Two major goals are (1) the performance of
pathbreaking research based on high-brightness VUV ra-
diation and (2) the training of chemistry Ph.D. students in
synchrotron radiation science. Research projects are iden-
tified to emphasize those priority research areas that are
amenable to study with VUV radiation: chemical reactiv-
ity, chemical catalysis, and matter under extreme
conditions. Effects are emphasized that can be refined and
extended with the advent of third-generation light sources
(e.g., angular distribution effects in threshold and near-
edge photoexcitation phenomena, very fast processes, and
processes requiring very high intensity and energy resolu-
tion). Electron correlations in atoms and molecules. are
studied, especially in the adiabatic (low-energy) limit,
where the electronic structure of the continuum is im-
portant. Molecular-beam angle-resolved time-of-flight
spectroscopy is performed, using supersonic beams. Sur-
face structures are also studied- using photoelectron
diffraction in the variable energy mode, and observing
angle-resolved photoemission extended fine structure

(ARPEFS). (7.3 FTE]
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42. Combustion Chemistry
Brown, N.J.
415-486-4241

Combustion processes are governed by chemical kinetics,
energy transfer, transport, fluid mechanics, and the com-
plex interactions among these. In all chemical changes,
the pathways for energy movement and the competition
among the pathways determine reaction rates, product
yields, and product state energy distributions. Under-
standing the fundamental chemical processes offers the
possibility of optimizing combustion processes. Recent
research has.been concerned with the application of func-
tional sensitivity analysis to determine the relationship
between dynamic observables and the potential energy
surface structure. This provides an understanding of how
different regions of the potential influence the dynamics,
and thereby the eventual outcome of calculated observ-
ables. Functional sensitivity analysis has been applied to
classical dynamics studies of energy transfer and to quan-
tum mechanical studies of reactive scattering. Functional
sensitivity analysis can be used to identify regions of con-
figuration space of highest sensitivity so that quantum
chemists calculate a high density of ab initio points in
those regions, and the full sensitivities can be used in
guiding the improvement of the potential surface to obtain
better agreement between theory and experiment. A sec-
ond portion of the effort is concerned with modeling
combustion chemistry with particular emphasis on the
use of sensitivity analysis. [1.0 FTE]

Lawrence Livermore National Labora-

tory A
University of California
Livermore, CA 94550

Division of Computational $40,000

Physics

43. Chemical Kinetics Modeling
Westbrook, C.K. :
415-422-4108 -

This project consists of computer modeling of chemical ki-
netics of combustion of hydrocarbon and other fuels used
for practical combustion systems. The importance of fuel
molecular size and structure are of particular interest.
Other problems of concern to this project include the ki-
netics of oxidation of halogenated hydrocarbon species

and their relationship to kinetics of analogous hydrocar- .

bon species, thus comparing ethylene oxidation with that
of vinyl chloride and carbon tetrachloride with methane.
Other related studies have compared methane oxidation
with that of silane, structurally the same as methane but
with a silicon atom replacing the carbon atom at-the cen-
ter of the molecule. The role of falloff behavior in the
unimolecular decomposition of radicals and stable species
has also_been a central element in this research. As in
previous years, the major role has been the identification
of those reactions and reaction rates which merit the
greatest attention from the theoretical and experimental

programs in this larger program, reactions which have the -

greatest influence on the overall rate of combustion and
practical heat release. [0.3 FTE]

Pacific Northwest Laboratory
Richland, WA 99352

Molecular Science Research $5,000,000

Center

44. Chemical Structure and Dynamics
Colson, S.D.
509-375-6882

The purpose of this program is to achieve a molecular
level understanding of chemical reaction dynamics at con-
densed phase interfaces. This requires an understanding
of the solid substrate and the solvent, and their combined
effect upon chemical reaction dynamics. The methods
used for these studies will include (1) the synthesis of
unique surfaces and interfaces through the deposition of
atoms, molecules, and clusters; (2) the synthesis.of atomic
and molecular clusters designed to mimic the structures
of surface sites and of solvated species in solution and at
interfaces (the structures and reaction dynamics of these
clusters will provide unique insight into condensed phase
chemistry and can be compared quantitatively to ab initio
theories, for their validation and development); (3) laser
methods for the study of molecules in clusters, in solution
and at interfaces with sufficient time resolution to mea-
sure chemical processes in real time; (4) atomic resolution
surface mapping and analysis methods for physical char-
acterization combined with reactive and nonreactive
molecular scattering and diffusion studies for chemical
characterization of surfaces and interfaces; and (5) direct
excitation of surfaces, interfaces, clusters, and molecules
with electrons and photons to model chemical processes
inherent in radioactive mixed waste storage (radiolysis)
and in the energetic destruction of wastes. (8.2 FTE]

45. Molecular Theory and Modeling
Dunning, T.H., Jr.
509-375-6863

The molecular theory and modeling project is designed to
increase understanding of the fundamental molecular pro-
cesses important in environmental restoration and waste
management. The project integrates ab initio studies of
fundamental molecular processes in model molecular sys-
tems with modeling of molecular processes in the complex
multispecies, multiphase systems found in the environ-
ment. Four research areas emphasized are (1) solution
chemistry, which is focused on the structure of molecules
and the energetics and dynamics of molecular processes in
aqueous clusters and solutions; (2) separations chemistry,
which is concerned with the structure and energetics of
ion-ligand complexes (such as crown ethers) and the dy-
namics of complex formation in aqueous solutions; (3)
chemistry of minerals, which is directed toward under-
standing the binding of molecules to soil minerals and the
dynamics of molecular processes at the interface between
minerals and aqueous solutions; and (4) chemistry of
amorphous materials, which is focused on molecular pro-
cesses occurring at the interface between glasses and
other amorphous materials and aqueous solutions. This
knowledge will further the development of reliable models

Research in Chemical Sciences 11



CHEMICAL PHYSICS
Pacific Northwest Laboratory

of contaminant transport and transformation in ground-
waters and soils, the assessment of the stability of
proposed long-term waste storage forms, and the develop-
ment of new separation processes for the treatment of
high-level wastes. [8.3 FTE]

Sandia National Laboratories, Liver-

more
Livermore, CA 94551

Combustion Research Facility $2,700,000
46. Turbulent Reacting Flow Research
Barlow, R.S.; Schefer, R.W.; Paul, P.H.;
Chen, J.H.; Najm, H.; Koszykowski, M.L.
510-294-2688

This experimental and computational research project is
directed toward an increased understanding of the cou-
pling between chemical kinetics and turbulent mixing in
reacting flows. Simultaneous measurements of NO, OH,
major species, temperature, and mixture fraction are ob-
tained in turbulent jet flames. These multiscalar data
provide a direct measure of the chemical structure of reac-
tion .zones in turbulent flames. These measurements also
constitute a unique database for the evaluation and re-
finement of turbulent combustion models that include
complex chemistry and the effects of turbulence—
chemistry interactions. The spatial structure of turbulent
reacting flow is investigated using quantitative planar
imaging techniques. These techniques include simultane-
ous' two-dimensional imaging of CH,, CH, and OH in
turbulent methane flames, simultaneous imaging of NO
and temperature, simultaneous. imaging of OH and ace-
tone (a fuel marker), and imaging schemes to measure
molecular mixing and differential species diffusion. Com-
plementary information on the fundamental processes
that couple fluid mechanics and chemistry in turbulent
reacting flows is obtained through direct numerical simu-
lations (DNS). Image data and DNS results on the spatial
structure of flames provide critical information for the
development and evaluation of combustion models for re-
acting flows with complex geometries. [6.0 FTE]

47. Combustion Research Facility (CRF)
Diagnostics Research: Nonlinear Spectro-

scopic Processes
Farrow, R.L.; Rahn, L.A.
510-294-3259

This project develops nonlinear spectroscopic diagnostics
in support of the Combustion Research Facility (CRF) pro-
grams. Detailed studies are made. of processes affecting
coherent anti-Stokes Raman spectroscopy (CARS) and
resonant wave mixing spectroscopies such as degenerate
four-wave mixing (DFWM). CARS is an established tech-
nique for time- and space-resolved measurements of
temperature and major species concentrations, and
DFWM has recently emerged as a more sensitive tech-
nique capable of minor species measurements. Processes
under study include Doppler effects, collisional broaden-
ing and shifts, collisional narrowing, collisional quenching
and reorientation, and saturation effects. High-resolution
tunable pulsed-laser systems have been developed for
CARS, inverse Raman spectroscopy (IRS), DFWM, and

nearly degenerate four-wave mixing (NDFWM) experi-
ments. The CARS system is used to measure two-photon -
saturation effects and to perform pump-probe measure-
ments of inelastic rotational state-to-state rates.
Collisional effects such as broadening, shifts, and collapse
of Q-branch spectra are measured in gas samples at pres-
sures up to 100 atm and 1200 K with the IRS system. A
collisional inhomogeneity, important in describing molec-
ular hydrogen spectra, was recently discovered and is
currently under investigation using the CARS and IRS ex-
periments. Measurements are also conducted on water
vapor and are being extended to oxygen. The DFWM and
NDFWM experiments are being used to study mecha-
nisms and the effects of collisional and saturation

. processes on resonant wave mixing signal strengths and

lineshapes. Current studies on NO and OH molecules
have indicated the reduced dependence of the signal on
collisional effects near saturation and the importance of
mechanisms such as cross-over resonances and thermal
gratings. Computer codes for analyzing CARS and DFWM
spectra are being developed and transferred to the
combustion research community. The CARS code is well-
developed and widely used in the United States, with
recent versions adapted for use on microcomputer plat-
forms. The DFWM code is under active development, with
interest in preliminary versions being shown by several
outside groups. This project is supported with facility op-
erations funds. [4.0 FTE] )

48. Flame Chemistry: Modelz"ng and Experi-

ments
Miller, J.A.; Kee, R.J.
510-294-2759

The goal of this research is to develop both a qualitative
understanding and quantitatively predictive mathemati-
cal models of the chemistry of combustion. Emphasis is
placed on pollutants, particularly nitrogenous pollutants
and soot. Work in nitrogen chemistry largely involves re-
fining the mechanism previously developed to make it
more robust and to allow the quantitative prediction of ni-
trous oxide. Work on soot formation is largely focused on
understanding how aromatic compounds are formed in
flames of aliphatic fuels. This research embraces (1)
low-pressure flame experiments that utilize both laser di-
agnostics and mass spectrometry, (2) mathematical
modeling of flame experiments and other macroscopic
experiments in combustion chemistry, and (3) the theoret-
ical prediction of rate coefficients of critical elementary
reactions. (4.0 FTE] :

49. Combustion Research Facility (CRF) Di-
agnostics Research: Novel Techniques and
Strategies
Trebino, R.; Gray, J.A.; Paul, P.H.
510-294-2893 :

This project supports the development and theoretical
investigation of novel techniques and strategies for diag-
nostic measurements in the Combustion Research Facility
(CRF). New laser-induced fluorescence (LIF) strategies
and novel stimulated emission, multiphoton, ionization,
and ultrafast techniques are included in this work. Devel-
opments in planar laser-induced fluorescence (PLIF), one
of the most valuable tools available to combustion re-
searchers, have helped overcome low signal strengths in
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CH images and have provided flow-tracer images of mix-
ing in turbulent jets. Novel multiphoton techniques for
trace species detection, including two-color laser-induced
grating spectroscopy (LIGS) and six-wave mixing, are be-
ing applied to O, N, H,.CO, and H; in low-pressure flames.
Techniques for the study of ultrafast chemical processes in
molecules are being developed in support of ultrafast com-
bustion chemistry research in CRF. This work currently
focuses on the important, previously unsolved problem of
measuring the time dependence of the intensity and the
phase of laser pulses lasting only tens of femtoseconds.
Recent development of a novel frequency-resolved optical
gating (FROG) technique is being extended to a single-
shot measurement capability for two simultaneous pulses.
Realization of this effort will result in new and more pow-
erful excite-probe chemical-dynamics techniques and will
contribute to a wide range of other diagnostic methods.
New methods for generation of femtosecond UV light and
high-sensitivity single-shot measurements are also being
developed. Theoretical investigations include studies of
the fundamental aspects of time- and frequency-domain
nonlinear-spectroscopic techniques, perturbation-theory
calculations of multiphoton nonlinear techniques, and
higher order calculations to investigate high-intensity ef-
fects. This project is supported with facility operations
funds. [3.0 FTE]

50. Chemical Kinetics and Dynamics
Tully, F.P.; Durant, J.L.; Chandler, D.W.;
Miller, J.A.; Rohlfing, E.A.; Hayden, C.C.;
Gray, J.A.

510-294-2316

The goal of this research is to understand in detail the
fundamental chemical processes that occur in combustion.
Typical kinetics experiments use the laser-photolysis/
laser-induced fluorescence (or long-path IR absorption)
technique to follow the course of reactions between, for ex-
. ample, OH and alkenes or Cl-atom and hydrocarbons. A
versatile flow-tube kinetics apparatus having both laser-
and mass-spectrometric diagnostics has been completed
and is being used to study the reactions of NH. Recent
theoretical studies have treated reactions such as those
between H and Oz, NH and NO, and NH and O; using
quantum-mechanical and statistical-theoretical methods.
Application of GAUSSIAN2 methods to calculation of
transition-state energetics has been validated for several
chemical systems. Studies of dynamics emphasize collect-
ing quantum-state-resolved data for elementary chemical

processes. Ion-imaging studies of the H + D; reaction have

clarified the dynamics of this process and the partitioning
of available energy. Recently initiated investigations of in-
ternal- conversion processes that occur on femtosecond
time scales provide information on molecular rearrange-
ments and energy flow. Utilization of laser-induced
grating techniques to study SiC; spectroscopy and NO,
photodissociation provides information on molecular
structure and dissociation dynamics. [6.0 FTE]

°

Atomic Physics

Argonne National Laboratory
Argonne, IL 60439

Physics Division $1,500,000

51. Atomic Physics at ATLAS
Dunford, R.W.; Berry, H.G.
708-252-4052

In this project, the physics of highly charged ions is stud-
ied using the Argonne Tandem/LINAC Accelerator System
(ATLAS) heavy-ion accelerator. The electron cyclotron res-
onance (ECR) ion source, which is part of the uranium
upgrade of ATLAS, is also used in these studies. The ECR
ion source is on a high-voltage platform which allows the
use of ion beams with energies up to 300 keV times the
extracted ion charge state. Atomic physics research at AT-
LAS includes studies of atomic structure and ion-atom
collisions. The atomic structure work aims at precision
tests of quantum electrodynamics and relativistic quan-
tum theory. The program features UV and X-ray
spectroscopy and measurements of the lifetimes for forbid-
den decays in few-electron systems. The work on ion—atom
collisions aims at understanding the dynamics of these
collisions and has applications in fusion energy research,
plasma physics, and astrophysics. Another program is a
high-resolution study of dielectronic recombination (DR)
by channeled ions. The uranium upgrade of ATLAS makes
possible the study of collisions between two very heavy
nuclei at energies near the Coulomb barrier. {4.5 FTE]

52. Interactions of Fast Atomic and Molecu-
lar Ions with Solid and Gaseous Targets
Kanter, E.P.

708-252-4050

Argonne National Laboratory’s 4.5-MV Dynamitron accel-

“erator is used to study the interactions of fast (MeV)

atomic and molecular ions with matter. A unique feature
of the apparatus is the exceptionally high resolution
(~.005° and ~200 psec) in angle and time-of-flight ob-
tained in detecting particles emerging from the target.
Unique multiparticle imaging detector systems have been
developed which allow detection of multiparticle events
consisting of up to 12 particles and yielding three-
dimensional views of the particle trajectories. The work
includes a general study of the interactions of fast charged
particles with matter, emphasizing those aspects that take
advantage of the unique features inherent in employing
molecular-ion beams (e.g., the feature that each molecular
ion forms a tight cluster of atomic ions that remain corre-
lated in space and time as it penetrates the target). These
techniques allow the direct determination of the geometri-
cal structures of the individual molecular ions entering
the target. These measurements have provided the first
direct measurements of not only the spatial probability
densities of the nuclei, but also their correlations in sev-
eral small diatomic and polyatomic molecules. {3.7 FTE]
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53. Fast Ion-Beam/Laser Studies of Atomic
Structure
Young, L.
708-252-8878

This program is directed toward the detailed understand-
ing of atomic structure through high-resolution laser and
radio-frequency studies in accelerated beams. The atomic
structure measurements provide precision tests of quan-
- tum electrodynamics (QED) and relativistic quantum
mechanics in few-electron systems, as well as experimen-
-tal guides to the ab initio understanding of hyperfine
structure in multielectron systems. A collaborative effort
with a group from Notre Dame has established a program
in precision lifetime measurements using the fast-beam
laser method at Argonne National Laboratory (ANL). In
addition, the lifetime studies are being pursued with a
second method, time-correlated single-photon counting us-
ing an ultrafast laser pulse for excitation. Collaborative
efforts are continuing with the medium energy and weak
interaction groups in the Argonne Physics Division to de-
velop laser-driven polarized sources of hydrogen and
techniques for trapping and polarizing gas-phase radioac-
tive atoms. [2.5 FTE]

Lawrence Berkeley Laboratory
University of California

Berkeley, CA 94720

- Chemical Sciences Division $800,000
54. High-Energy Atomic Physics

Gould, H A.

510-486-7777

The goals of this program are to understand atomic colli-
sions at relativistic energies, and to search for new physics
beyond the standard model using the most advanced
atomic physics techniques. Recent results include the dis-
covery of a new recombination process: capture from pair
production. In this process an electron is captured by a rel-
ativistic (bare) ion when the electron is produced as part of
an electron-positron pair by the motional Coulomb fields
of the relativistic ion passing within atomic distances of a
target nuclei. The cross section for capture from pair pro-
duction increases with energy at relativistic energies, and
it is predicted to be a significant mechanism for beam loss
at the Relativistic Heavy-Ion Collider under construction
at Brookhaven National Laboratory. Present activities in-
clude (1) extending the measurement of capture from pair
production to 10 GeV/n heavy ions, (2) developing calcula-
tions of capture from pair production, (3) developing a
new experiment to search for physics beyond the standard
model using trapping and cooling of francium, and (4) con-
tinuing to adhere to applicable standards for environment,
health, safety, and procedure in all activities. [2.0 FTE]

55. Atomic PhysicsA
Prior, M.H.
510-486-7838

This program conducts challenging studies of the struc-
ture and interactions of atomic systems in order to provide
the most detailed description of their behavior and to
stimulate theoretical understanding of the observed phe-
‘nomena. The approach to this work emphasizes research

topics that are best addressed with unique tools and ex-
pertise available at Lawrence Berkeley Laboratory (LBL).
Currently the program exploits the ability of two state-of-
the-art, electron cyclotron resonance (ECR) ion sources at
LBL to produce intense, highly charged beams for the con-
duct of low-energy (v < 1.0 au) ion—atom collision studies.
Current emphasis is upon multiple electron transfer to
bare-, one-, and two-electron ions. This includes measure-
ment of magnetic substrates populated in double electron
capture, and the production of low-energy (<20 eV) contin-
uum electrons accompanied by transfer to bound projectile
states in collisions with He and more complex targets.
Auger electron spectra, and photon spectra from multiply
charged ion—atom collisions are used to gain insight into
population mechanisms and the structure of highly excited
states. The program benefits substantially from collabora-
tive efforts with colleagues from outside LBL. [1.5 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831

Physics Division $1,650,000

56. Accelerator Atomic Physics
Datz, S.; Dittner, P.F.; Krause, H.F.; Vane, C.R.
615-574-4984 :

The project objective is to achieve a detailed understand-
ing of the interactions of high-energy, multiply charged -
ions with gas and solid targets, and with electrons. The
facilities used for this research are the EN Tandem Accel-
erator and the Holifield Heavy Ion Research Facility
(HHIRF). Energy spectra of electrons released in colli-
sions of C? ions (g = 1,2,3) with He have shown the
charge state dependence of “saddle point” electron produc-
tion. Energies of electrons ejected in single and double
ionizing collisions of He yield information on- electron—
electron correlation in atomic collisions. Electrons
contained in a crystal channel can be quantitatively
treated as a dense electron gas target. A swift ion passing .
through the channel can be excited by collisional excita-
tion, by dielectronic processes or by resonant coherent
excitation in which the periodicity of the crystal lattice
provides an oscillator, which can separately excite specific
m states of the moving ions. Creation of these states in a
channel allows the study of electronic collisions with
short-lived specific excited states. The strong phase coher-
ent electric fields that the projectile experiences inside the
crystal can also be used to selectively cause constructive
and destructive interferences. At the European Center for
Nuclear Research (CERN) in Geneva, sulfur beams at en-
ergies of 6.4 TeV are being used to study lepton pair
production cross sections as a function of angle, lepton en-
ergi, and target Z. Preparations for similar experiments
with 33-TeV lead beams are under way. In collaboration
with Swedish scientists, experiments have been mounted
at the Stockholmn Heavy Ion Storage Ring to measure dis-
sociative recombination between electrons and molecular
ions (e.g., HeH*, Hy*). [4.6 FTE]
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57. EN Tandem Operations
Dittner, P.F.
615-574-4789

The EN Tandem Van de Graaff is operated for atomic
physics research. A wide variety of light ions, and multi-
ply charged heavy ions are furnished by the EN Tandem
at MeV energies for the accelerator atomic physics group,
and for outside users from other divisions of Oak Ridge
National Laboratory (ORNL), universities, and industry.
Terminal voltages up to 7 MV are routinely available, and
ion sources are sufficiently versatile to provide beams of
all ions from protons through fluorine, silicon through
chlorine, as well as beams of many heavier ions including
nickel, iodine, gold, and uranium. A VAX-11/750 CAMAC-
based data acquisition system, an Elbek magnetic
spectrograph with position-sensitive detectors, a high-
resolution electron spectrometer, Si(Li) detectors, and a
curved crystal spectrometer are available to users. Recent
major beam usage has included the channeling of carbon
and nitrogen ions through thin crystals, angular distribu-
tion of Auger electrons following the collision of highly
charged ions with several target gases, electron spectra as
a function of projectile charge state for 1-MeV/u oxygen
ions colliding with Argon gas, slow highly charged carbon
ions (produced using a “hammer beam” from the EN Tan-
dem) capturing electrons in collisions with helium, and
high-resolution measurements of X rays accompanying
ion collisions with silicon oxide. [1.3 FTE]

. 88. Collisions of Low-Energy Multiply
Charged Ions
Meyer, F.W.; Havener, C.C.
615-574-4705

Experimental studies of multicharged ion interactions

with neutral atoms are carried out at the lowest attain-
able kinetic energies, where the electronic potential

energy of the reactants becomes an appreciable fraction of"

the available interaction energy and inelastic collision
cross sections depend strongly on the potential-energy
curves of the interacting system. Quantitative study of
such processes yields important information about quasi-
molecular structure and collision dynamics. Emphasis is
currently on merged-beam measurements of absolute
electron-capture cross sections and direct comparison of
results with developing theoretical models at energies in
the range from 0.1 to 1000 eV/amu, where the process is
poorly characterized. Recent merged-beam results for
electron capture by multicharged ions from excited hydro-
gen atoms are providing further insight into the dynamics
of the electron-capture process. Solid surfaces also provide
a convenient reservoir of electrons for the study of atomic
interactions, and exploratory experimental studies of the

neutralization of multiply charged ions in grazing:

ion-surface interactions are in progress. The current em-
phasis is on characterizing the energy and angular
distributions of ejected electrons in order to better under-
stand neutralization mechanisms. [0.9 FTE]

59. Theoretical Atomic Physics at Oak Ridge
National Laboratory (ORNL)
* Strayer, M.
615-574-4590

Computational and mathematical techniques are applied
to interpret interactions between atoms, iqns, electrons,

and photons over a wide range of energies, from a few
electron volts to ultrarelativistic energies. Emphasis is on

processes involving highly charged ions of interest in fu-

sion plasmas, X-ray lasers, and accelerator-based atomic
collision experiments. The techniques wused include
numerical lattice solutions of the time-dependent
Schridinger and Hartree-Fock equations by basis-spline
collocation methods, Monte Carlo evaluation of Feynman
diagrams, and Born expansion and distorted wave tech-
niques. Calculations using several large codes on a
massively parallel computer are done routinely. Applica-
tions have been.made to processes at nonrelativistic
energies such as capture and ionization, in ion—-atom colli-
sions, and multiphoton ionization by intense laser beams.
Recent studies include multiphoton and collisional ioniza-
tion of helium atoms, and neutralization of slow, highly
charged ions near a conducting surface. Successful inter-
pretations have been provided for recent experiments on
cusp electrons and post-collision effects in ion—atom colli-
sions. The program on relativistic collision physics is
focused on phenomena important in accelerator and detec-
tor design (e.g., pair production with capture and free pair
backgrounds in heavy-ion colliders). Detailed comparisons
have been made of perturbative and lattice treatments of
pair production with capture. [1.0 FTE]

Sandia National Laboratories, Albu-
querque
Albuquerque, NM 87185

Department of Plasma Process- $130,000

ing Science

60. Atomic Processes in Reactive Plasmas
Greenberg, K.E.; Riley, M.E.
505-844-1243

Low-temperature glow discharges are commonly used for
processing materials (e.g., deposition of thin films, reac-
tive ion etching, sputtering, etc.). The goal of this project
is to gain an wunderstanding of the fundamental
electron-molecule and chemical mechanisms occurring in
low-temperature glow discharges. Present work concen-
trates on 13.56-MHz, capacitively coupled, helium
discharges. Microwave interferometry and atomic absorp-
tion spectroscopy are used to measure spatially resolved
electron and helium metastable densities. Measurements
of Stark splitting of the helium Rydberg states are used to
infer spatially and temporally resolved electric field
strengths in the discharge sheath regions. Résults of the
experimental measurements are compared with numeri-
cal simulations of the plasma. The plasma physics
numerical simulations are based on hybrid - fluid-
Boltzmann codes. The simulations are as ab initio as
possible. In particular, the model of He has been carefully
chosen to include sufficient levels and transitions as well
as surface scattering of ions, electrons, and metastables.
All cross sections are taken from published values in the
literature. Combined, the results of the experimental and
theoretical studies provide insight into the electron and
heavy particle kinetics in the plasma. (1.0 FTE]
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Iowa State University
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Processes and Techniques Pro- $1,189,000A

gram

61. Organometallic Complexes in Homoge-
neous Catalysis
Angelici, R.J.
515-294-2603

A major goal of this project is to understand how
organosulfur compounds in petroleum feedstocks are
desulfurized upon reaction with hydrogen gas over hetero-
geneous transition metal catalysts. This large-scale
hydrodesulfurization (HDS) process involves initial ad-
sorption of the organosulfur compounds at a metal site on
the catalyst surface, followed by reactions that result in
cleavage of the carbon—sulfur bonds to give H2S and
hydrocarbons. Since thiophenes are the most difficult com-
pounds to desulfurize, current efforts focus on studies of
thiophene binding and reactions that might occur on cata-
lyst active sites. It has been established that thiophene is
able to coordinate to metal centers in a remarkable num-
" ber of ways: (1) via the sulfur, (2) via two or four carbon
atoms, or (3) via all five atoms of the ring. Each mode of
coordination activates the thiophene to.react in different
ways. Coordination via either the four carbons or the en-
tire thiophene ring leads upon reaction with hydrogen
sources to the cleavage of both carbon—sulfur bonds and
the complete desulfurization of thiophene. Two fundamen-
tally different mechanisms for the HDS of thiophene have
been proposed based on these studies. Catalytic reactor
investigations are being conducted in order to determine
which mechanism is actually involved. [2.1 FTE]

62. Chemical Kinetics and Reactivity of Tran-
sition Metal Complexes :
Espenson, J.H. '

515-294-5730

The general goal of this project is to understand the homo-
geneous chemistry that underlies catalytic processes
including synthetic fuels, sulfur radicals, and the selective
oxidation of organic compounds. The generation of sulfur
radicals can be accomplished by the use of laser flash
photolysis to generate an alkyl radical from the photoho-
molysis of an alkyl metal. Following that, the alkyl radical
abstracts the hydrogen from an alkane thiol (RSH) to gen-
erate the desired RS.. These sulfur radicals react with
coordination compounds and organometallics. The kinet-
ics and mechanisms of many such reactions are under
investigation. Of particular interest is how the sulfur and
metal center interact. This is important to know for coal
and petroleum, where sulfur compounds abound. A second
area concerns metal radicals. These are 17e organometal-
lic species that can be extremely reactive. Methods to
generate them, and then to study their reactions on
microsecond time scales, are being developed. These reac-
tions will be developed from the point of view of their

" ment of alternative
solid-state materials that have potential technological ap-

being isolobal with the 7e alkyl.radicals. In the area of se-
lective oxidations, the use of organometallic metal oxides
as catalysts is being explored. One such an example is
methyltrioxorhenium (MTO, CH3ReO;). Even in aqueous
solutions, it is an efficient catalyst for the peroxidation of
metal thiolates and thiols, and for a number of interesting
organic oxidations. The development of aqueous-based
catalysts is important because of environmental restric-
tions. [4.3 FTE]

63. Fundamental Investigations of Supported
Metal Catalysts
King, T.S.
515-294-9479

The main objective of this work is to elucidate fundamen-
tal molecular processes occurring on the surface of the
small metal particles in supported catalysts and to corre-
late those molecular processes with surface properties
such as composition, morphology, and electronic states. Of
special interest is the influence of poisons, promoters,
added metals, or other species that can perturb surface
properties and subsequently alter catalytic performance.
Three topics included in this work are (1) studies of hydro-
gen chemisorption on various supported metal catalytic
systems to probe surface states and to characterize the
catalysts; (2) detailed investigations of the adsorption and
reaction of small hydrocarbon molecules on highly dis-
persed metals using a number of techniques including
those developed in this laboratory; and (3) use of model re-
action kinetic studies to couple the information derived
from (1) and (2) above with catalytic performance. This
program utilizes a combination of solid-state NMR with
various other catalytic experiments. This research natu-
rally divides itself into two broad areas: (1) development
of new solid-state NMR techniques/nuclear spin dynamics
and (2) applications of these techniques to catalytic
science. High-resolution NMR of 'H, *C, ®Cu, and the al-
kali metals as well as other nuclei have been important
probes. [1.9 FTE]

64. New Synthetic Routes to Layered _
Catalytic Materials: Organometallic Pre-
cursors for Chemical Vapor Deposition
Miller, G.J.

515-294-6063

This research pi'oject involves exploration and develop-
synthetic strategies for new

plications as catalysts or electronic devices (sensors or
switches). Current efforts include (1) synthesis of low-
valent organometallic compounds of the early transition
metals to act as precursors in subsequent thermal decom-
position studies; (2) synthesis of transition metal cluster
compounds with structural elements desired in the ulti-
mate polycrystalline or thin film products (e.g.,, Mjs
clusters); (3) metal-organic chemical vapor deposition
studies of binary and ternary transition metal compounds
for eventual catalytic studies; and (4) synthesis of mixed
metal chalcogenides and chalcogenide halides using these
precursors. The approach involves both solution and gas
phase synthesis, evaluation of thermodynamic parame-
ters, and characterizations via X-ray diffraction, electron
microscopy, Raman spectroscopy, photoelectron spec-
troscopy, and magnetic susceptibility. Recent studies
concern novel ternary niobium and tantalum chalcogenide
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halides containing Nbs clusters, which create possibilities
for tunable band gaps under similar structural and chemi-
cal features. The goals. of this research are (1) to find
sources of activated metal atoms which may overcome the
thermodynamic driving forces when traditional synthetic
approaches are used; (2) to examine potential catalytic,
chemical, and electronic properties of the product
systems; and (3) to tailor the solid-state products by ap-
propriate choice of precursor material. [0.75 FTE]

65. Solid State NMR Studies: Catalytic Chem-
istry and Materials
Pruski, M.
515-294-6823

Transient techniques in nuclear magnetic resonance
(NMR) of solids are used to probe the physics and chem-
istry of materials involved in heterogeneous catalysis,
fossil fuels, and material science. Examples include (1)
use of 2-D NMR and selective excitation NMR experi-
ments to study in situ the dynamics of hydrogen and
small hydrocarbon molecules on supported catalysts at
various pressures and temperatures of up to 800 K; (2)
studies of reactions of hydrocarbons on various supported
metal catalysts (e.g., Ru/Sioz, Cu~-RwSiO,, Pt/Si0O2, Ag/
Si02) using high-resolution, solid-state NMR of BC (vari-
able temperature MAS and CP/MAS, dipolar oscillation
NMR); and (3) 'H and *C NMR studies of chemical vapor
deposited diamond thin films. Other projects include de-
velopment of new research capabilities in solid-state NMR
(e.g., fast spinning variable temperature magic angle
spinning (MAS) probes for evacuated samples), a dynamic
angle spinning probe to narrow central transition of
quadrupolar nuclei, and application of new nuclear spin
dynamics to the studies of surfaces. {1.9 FTE]

66. Spectroscopic and Kinetic Characteriza-
tion of Metal Oxide Catalysts
Schrader, G.L.
515-294-0519

This research is providing new fundamental information
about catalysis by metal oxides, including the mechanisms
of catalytic reactions, the structure and composition of
catalysts, and the properties of surfaces. The metal oxides
being investigated are used extensively by industry for
selective oxidation, particularly for the activation of paraf-
fins for fuels and chemicals production. A complement of
experimental approaches is being used to perform kinetic
measurements and comprehensive catalyst characteriza-
tion. In situ spectroscopic techniques, such as laser
Raman and Fourier transform infrared spectroscopies
(FTIR) are emphasized since they can be used to examine
functioning catalysts at the elevated temperatures and
pressures typical of industrial processes. The goal of this
research program is to provide fundamental relationships
between structure, composition, oxidation state, or surface
properties and catalytic activity and selectivity. [2.6 FTE]

67. High-Temperature Gas-Phase Pyrolysis of
Organic Compounds
Trahanovsky, W.S.
515-294-2886

The goal of this research is to understand in detail fun-
damental thermal reactions of organic compounds,

especially those related to the pyrolysis of coal and coal-
derived liquids. Primary products of thermal reactions are
often highly reactive neutral species such as radicals, car-
benes, diradicals, and reactive molecules (i.e., species with
no overall electronic charge, but with an exceptionally re-
active bond or group of bonds). Much of the work of this
project focuses on reactive molecules that are important
in thermal reactions and includes development of novel
methods to prepare them and study of their spectroscopic
and chemical properties. Studies have concentrated on
quinodimethanes, a large class of reactive molecules. A
flow nuclear magnetic resonance (NMR) technique has
been developed that allowed the 'H NMR spectra of sev-
eral fundamentally important reactive molecules, such as
ortho-xylylene and benzocyclobutadiene, to be obtained for
the first time. The work with reactive molecules has re-
sulted in novel and effective ways of producing diradicals,
and the reactions of these exceptionally reactive transient
intermediates are under study. In addition to studies
involving model compounds, some studies involve the py-
rolysis of coal itself with the objective of identifying the
types of reactive molecules produced in the pyrolysis of
coal. (2.0 FTE]

Argonne National Laboratory
Argonne, 1L 60439

Chemical Technology Division $662,000

68. Fluid Catalysis
Rathke, J W.; Chen, M.J.; Klingler, R.J.
708-252-4549

This program uses an array of in situ kinetic and spectro-
scopic techniques to explore catalytic reaction chemistry at
the high pressures and temperatures that are frequently
used in industrial processes. In high-pressure nuclear
magnetic resonance (NMR) studies of oxo process related
chemistry in supercritical fluids, pronounced synergistic
effects in mixed-metal catalyst systems that seem to stem
from metal-centered radical chemistry have recently been
uncovered. The resultant rate increases may ultimately
allow use of lower pressures in catalytic hydroformylation.
In other research aimed at the selective functionalization
of hydrocarbons, a soluble rhodium phthalocyanine com-
plex that activates methane in solution was synthesized
and. methods of increasing the new catalyst’s reactivity
are being explored. One approach currently pursued in-
volves combined use of molecular mechanics calculations
and experiment to explore structural (and thereby, reac-
tivity) changes that occur in the macrocyclic catalyst
when various substituent groups are incorporated. Also
investigated are C-H bond activation processes that
might lead to catalytic routes for the polymerization of
small organometallic precursor molecules to yield prece-
ramic polymers. Organometallic polymers of this type are
used in the production of shaped ceramic objects. An
electrophilic catalyst for the oligomerization of trimethyla-
luminum has been identified and efforts are under way to
extend this approach to the polymerization of trimethylbo-
rane. In a related activity, a new NMR tomographic
technique that allows chemical shift measurements while
resolving distances on the micron scale has been devised.
The new method utilizes the magnetic field gradient
present in a toroid cavity resonator and is anticipated to
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have a wide range of applications in the synthesis and
characterization of advanced materials. [4.4 FTE]

Chemistry Division $2,117,000
69. Premium Coal Sample Program

Vorres, K.S.

708-252-7374

Eight U.S. coals have been collected, processed, and pack-
aged to preserve the original properties of the pristine
coals as much as possible. Over 721 orders have been
filled with more than 19,000 ampoules. Inventories of the
two most requested samples in ampoules are projected to
meet the demand for another 15-20 years at the current
rate of shipment, and the reserves in carboys will con-
tinue to meet the demand for at least five more decades
after repackaging in ampoules. The gas atmosphere is
monitored to establish sample stability. Trends in evolu-
tion of carbon dioxide for younger coals and methane in
higher rank coals have been noted with some interesting
exceptions. Microbial growth has been observed from cul-
tures of several of the younger coals. Over 413 scientific
papers have been published on work done on these sam-
ples. Periodic newsletters keep users up- to date on the
latest references. The users handbook is being updated
with additional analytical information and references as
well as a literature summary. [0.5 FTE]

70. Characterization and Reactivity of Coals
and Coal Macerals _
Winans, R.E.; Dyrkacz, G.R.; Botto, R.E.; Car-
rado, K.A.; Stock, L.M.
708-252-7479

This program seeks to elucidate the chemical and physical
nature of the Argonne Premium Coal Samples and se-
lected maceral constituents. In these studies, physical
separations and selective chemical degradation reactions
are combined with a powerful array of instrumental tech-
niques. The instrumental approaches feature laser
desorption, high-resolution and tandem mass spectrome-
try, solid state and nuclear magnetic resonance (NMR)
- imaging, and neutron and synchrotron X-ray scattering
and spectroscopy. Synthetic clays are being designed for
the catalysis of large, coal-derived molecules. Statistically
accurate, rank-dependent models are being developed for
the Argonne Premium Coal Samples. Tke ultimate goal is
to provide fundamental information that will assist in the
development of advanced processes for coal utilization.
9.6 FTE]

'Brookhaven National Laboratory
Upton, L.I., NY 11973 -

Department of Applied Science 7$472,000
71. Metal Hydrides

Reilly, J.J.; Johnson, J.R.

516-282-4502

Knowledge of the behavior and properties of
hydrogen—metal systems is essential for the successful im-
plementation of many energy-related processes and
applications. The prime concern of this program is to in-
crease that store of knowledge through the determination

of the thermodynamic, kinetic, and structural parameters.
A particular goal is to relate all pertinent data and-
hypotheses in order to develop a predictive capability re-
garding the behavior of a given system. This capability
permits the synthesis of compounds having optimum
properties for particular applications. Current topics of
interest are reaction kinetics of the formation and decom-
position of hydride phases, the preparation and
characterization of a new class of hydrogen bronzes pre-
pared from complex oxides, the catalytic properties
of metal hydrides and electrochemical characteriza-
tion of metal-hydrogen systems, and preparation of
improved metal hydride electrodes. The major ex-
perimental tools and/or techniques are equilibrium

- pressure—temperature—-composition measurements, X-

ray diffraction, electrochemical measurements, Fourier
transform- infrared (FT-IR) spectrometer measurements,
and the use of high-pressure apparatus to study the ki-
netic behavior of metal hydride suspensions. [2.9 FTE]

Chemistry Department $1,895,000
72 Structure and Reactivity in Catalysis and
Advanced Materials
Koetzle, T.F.; McMullan, R.K.; Andrews, M.A.;
Bullock, R.M.; Hrbek, J.; Rodriquez, J.A.
516-282-4384

This program probes fundamental aspects of chemical
catalysis from a multi-faceted perspective which includes -
homogeneous and heterogeneous catalytic systems, as
well as investigations of advanced materials. Brookhaven
National Laboratory’s (BNL’s) High Flux Beam Reactor
(HFBR) and National Synchrotron Light Source (NSLS)
play a key role in much of this research, often via collabo-
rative efforts with scientists from other institutions. A
central theme of the experimental work in homogeneous
catalysis is the examination of transition-metal hydride
complexes. Neutron diffraction studies at the HFBR

. provide uniquely accurate structural data for these com-

pounds which can then be correlated with their chemical
reactivity. The reactivity studies are designed to elucidate
the factors that determine-the rates and mechanisms of
M-H bond cleavage and their concurrent reactions with
unsaturated organic substrates. The high selectivity of ho-
mogeneous catalysts is also being exploited to develop
novel aspects of carbohydrate chemistry, including those
that may ultimately lead to new approaches to the utiliza- -
tion of biomass organics. Heterogeneous catalysis studies
that correlate structure with reactivity are also being un-
dertaken. The structures of adsorbates on metal surfaces
are being determined by a variety of methods including X-
ray and ultraviolet photoelectron spectroscopies (XPS and
UPS) at the NSLS, while their corresponding catalytic
reactions are examined by ultra-high vacuum surface sci-
ence techniques, infrared spectroscopy, and high-pressure
kinetics. Emphasis is-placed on understanding the effects
of catalyst promoters and poisons at a molecular level,
and on understanding the distinctive catalytic behaviors
of bimetallic surfaces that may serve as models for indus-
trial bimetallic catalysts. In the area of advanced
materials, collaborative structural studies utilize both the
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HFBR and thé NSLS to investigate a variety of systems
including zeolites, buckminsterfullerene, biomaterials,
and gas clathrate hydrates. These studies are providing a
foundation for understanding the special characteristics of
these materials. [14.2 FTE]

Lawrence Berkeley Laboratory.
University of California
Berkeley, CA 94720

Chemical Sciences Division $1,091,000
73. High-Energy Oxidizers and Delocalized-
Electron Solids
Bartlett, N.
510-642-7259

The aim of this project is the synthesis and characteriza-
tion of new materials that may have utility in efficient
storage or usage of energy. The novel materials include 2-
D networks of light w-bonding atoms (boron, carbon, and
nitrogen) with structures akin to graphite. Of these, the
more metallic have possible applications as electrode ma-
terials for high-energy-density batteries, and those that
are semiconducting could be useful in converting light to
electrical energy. Good ionic conductors are also being
sought, with emphasis on lithium-ion and fluoride-ion
conductors, because batteries based on lithium and
fluorine would be unsurpassed in their energy-density fea-
tures. In addition, new fluorides are being synthesized,
some of which are thermodynamically unstable, and yield
elemental fluorine with mild activation. Because the
metal and fluorine atoms in these fluorides are of compa-
rable electronegativity, they can be electronic conductors
and, in some cases, even superconductors. Cationic fluo-
rides high-oxidation-state metals promise to be oxidizers
of extraordinary power. These in solution, in anhydrous
hydrogen fluoride, should be efficient oxidative fluorina-
tors, usable even below room temperature. [2.1 FTE]

74. Catalytic Hydrogenation of Carbon
Monoxide
Bell, A.T..
510-486-7095

The purpose of this program is to develop an understand-
ing of the fundamental processes involved in catalytic
conversion of carbon monoxide (or carbon dioxide) and hy-
drogen to gaseous and liquid fuels. Attention is focused on
defining the factors that limit catalyst activity, selectivity,
and resistance to poisoning, and the relationship between
catalyst composition—structure and performance. Investi-
gations of methanol synthesis over copper have revealed
that carbon dioxide undergoes hydrogenation to methanol
much more readily than carbon monoxide. The pathway
from carbon dioxide to methanol is found to proceed via
the formation of formate, methylenebis(oxy), and methoxy
species, all of which have been observed in situ by IR spec-
troscopy. The dynamics of elementary processes involved
in the synthesis of normal olefins and alkanes over ruthe-
nium have been studied using isotopic tracer techniques.
A new mechanistic model has been proposed to interpret
these results, which includes steps for the readsorption of
olefins from a physisorbed layer and depolymerization of
readsorbed ethylene. Rate coefficients for chain initiation,

propagation, and termination, as well as ethylene depoly-
merization, have been determined from simulations of
experimental data. [2.5 FTE]

75. . Transition Metal Catalyzed Conversion of
CO, NO, H;, and Organic Molecules to Fu-
els and Petrochemicals
Bergman, R.G.

510-642-2156

The goal of this project is the development of new chemi-
cal reactions in which transition metals interact with
organic materials, and the understanding of how these re-
actions work and can be applied to the development of
new potentially useful chemical transformations. Several
years ago a major discovery on this project was that of the
first alkane-transition-metal C-H oxidative addition
reactions (C-H activation). Subsequent work has been di-
rected at examining the scope and mechanism of the C-H
activation reaction and working toward utilizing it in the
conversion of alkanes to functionalized organic molecules.
Recent activities on this project include (1) use of liquefied
xenon and krypton as inert solvents for C-H activation;
(2) design of experiments aimed at determining whether
weak metal-noble-gas and metal-alkane complexes inter-
vene as intermediates in these processes; (3) substitution
of indenyl for pentamethylcyclopentadienyl ligands to fa-
cilitate migratory insertion reactions in the products of
C~H oxidative addition reactions; (4) exploratory studies
on the extension of C-H activation methods to C-F activa-
tion; and (5) improvement in the techniques utilized for
fiash kinetic studies aimed at directly measuring the rates
of reaction of coordinatively unsaturated C-H activating
intermediates with alkanes. [5.0 FTE]

76. Potentially Catalytic and Conducting
Polyorganometallics
Vollhardt, K.P.C.
510-642-0286

Soluble organotransition-metal clusters have great
potential as catalysts for known and new organic transfor-
mations and as building blocks for novel electronic
materials. While much is known about how such clusters
are assembled and disassembled, their chemistry is
largely uppredictable and/or uncontrollable. This project
constitutes an interdisciplinary approach to the designed
construction of polymetallic arrays, anchored rigidly on
novel m ligands that enforce hitherto unprecedented
metallic topologies. Recent advances include (1)-the total
synthesis of the hexabutadiynyl nucleus, a remarkable po-
tential ligand containing 54 conjugated = electrons; (2) the
total synthesis of angular {4])- and [5]-phenylene, novel =
systems in which benzene and cyclobutadiene nuclei are
fused in an alternating fashion; (3) the unprecedented
constructions of multiple metalylcyclopentadienylated cy-
clopentadienes giving rise to new transition-metal-cluster
topologies; and (4) the observation of the first
electron-transfer chain catalysis of a ligand-induced in-
tramolecular electron migration in heterodinuclear
[WFe(fulvalene)(CO)s]. [2.6 FTE]

Research in Chemical Sciences 19



CHEMICAL ENERGY
Los Alamos National Laboratory

Los Alamos National Laboratory
University of California
Los Alamos, NM 87545

Isotope and Nuclear Chemistry $388,000

Division
77. Transition Metal Mediated Reactions of
SO, H;, and Other Small Molecules

Kubas, G.J.; Burns, C.dJ.
505-667-5846

The activation of environmentally/energy-related small
molecules, particularly SO, and Hj, by transition metal
complexes has been the main thrust of the program. Syn-
thesis, structural characterization, and studies of the
dynamics-thermodynamics of these systems will be the
dominant theme. Of major fundamental importance is de-
lineating the nature of coordination of Hy and other sigma
bonds to metals. Defining the range of H-H internuclear
distances and attendant rotational-exchange dynamics,
and rationalizing them in terms of chemical bonding is
crucial. Hy complexes will be probed by a variety of
state-of-the-art structural and spectroscopic techniques,
emphasizing neutron scattering methodology. Thermody-
namic and kinetic measurements will be used to correlate
the binding strengths of various weak ligands like H; to
fragments such as W(CO)3(PR3):. Modification of the lat-
ter is planned to promote binding of even weaker ligands
such as hydrocarbons. A new direction has been initiated
relevant to catalysis, that of design of new types of chiral
ligands for asymmetric synthesis—hydrogenation. Activa-
tion of SO, can be disproportionated on metal complexes,
transferring its oxygens to other SO; molecules to form S,
S0s, 8203, and S;0, fragments. The mechanisms for the
various conversions are not well understood, and determi-
nation of the systematics and scope of these reactions by
expanding to new arenas is under way. Unique SO, reac-
tivity with actinide complexes has recently been found
(e.g., reaction of U(OR); with SO, to form the sulfide
[U(OR)3]38), as the only metal-containing species, and
these systems and related metal-sulfur chemistry will be
examined further. [1.4 FTE]

National Renewable Energy Labora-
tory ,
Golden, CO 80401

Basic Sciences Division _.’$408,000
78. Basic Research in Syntheéis and Catalysis
DuBois, D.L.; Curtis, C.dJ.
303-231-7371

The goal of this project is the development of new cata-
lysts for electrochemical reduction of carbon dioxide and
carbon monoxide. Previous research on this project has re-
sulted in a new class of carbon dioxide reduction catalysts
and the demonstration of three important stoichiometric
steps in a proposed electrochemical CO reduction cycle.
The carbon dioxide reduction catalysts exhibit current
efficiencies greater than 90% for CO production with rela-
tively high catalytic rates and low overpotentials. Current
research is focusing on structure—activity relationships to
improve catalyst stability and obtain even higher catalytic

rates. The conversion of CO to a hydrbxymethyl ligand us-
ing an electrochemically generated hydride complex has-
also been demonstrated. This conversion requires three

stoichiometric steps, but it is not catalytic. Current stud-

ies are attempting to clarify the properties required of
both metal hydride and metal carbonyl complexes for cat-
alytic CO reduction. [2.6 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831

Chemical Technology Division $551,000
79. Kinetics of Enzyme-Catalyzed Processes
Greenbaum, E.; Woodward, J.
615-574-6835

New photoreactions in which a series of structurally and
thermodynamically, homologous molecular ionic probes
communicate with the reducing end of Photosystem I have
been discovered. These reactions are based on the in situ
photoprecipitation of platinum, osmium, or ruthenium.
Significant differences have been observed with each of
the probes. A key goal of this work is to understand these
differences, especially the way in which specific probes in-
teract w1th emergent electrons from Photosystem 1. For
example, not only can [PtClg]~2 accept electrons from
Photosystem 1, it was reduced all the way to zero valent
platinum. In contrast, [PtCl;]~2 did not accept electrons
from Photosystem I at all. The intriguing aspect of this ob-
servatlon is that [PtClg])2 formally passes through the
[PtCl,]~? on its way to Pt]. Also, in each case the overall
energetlcs are highly favorable for reduction to metal.
[IrClg]~2 readlly accepts one electron from Photosystem I
to form [IrClg]~?; however, it does not accept subsequent
electrons in splte of a highly favorable oxidation potential,
+0.77 V. Studies have continued on understanding
structure-function relationships in cellulase enzyme
components: (1) a simple two-step procedure has been de-
veloped for the rapid purification of the catalytic domains
of the major cellulase enzymes cellobiochydrolases (CBH) I
and II; (2) molecular models have been developed for cel-
lulose T and II, which will aid understanding of the
mechanisms involved in enzymatic cellulose hydrolysis;
and (3) scanning electron microscopy revealed that CBH I
“smooths” the surface of cotton cellulose fibers. Catalyti- -
cally inactivated CBH I has no effect on cellulose
morphology despite its ability to bind. The cellulose-
binding domain of CBH I may not function to disrupt the
surface of cellulose fibers. {4.0 FTE]

Chemistry Division $2,810,000
80. Organic Chemistry and the. Chemzstry of
Fossil Fuels
Buchanan, A.C.; Britt, P.F.; Hagaman EW.
615-576-2168

The objective of this program is to conduct fundamental
research that advances understanding of the organic
chemical structure and reactivity of coal. Reaction mecha-
nisms that underpin thermal and'catalyzed reactions of
coal are explored through the use of model compounds
that represent organic structural features present in the
coal macromolecule. Silica-immobilized compounds are be-
ing employed to study the impact of restricted mass
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transport on free-radical reaction. pathways. Current in-
vestigations focus on retrogressive reaction pathways for
silica-immobilized diphenylalkanes and phenethyl phenyl
ethers, which are surrogates for aliphatic and ether
bridges prevalent in low-rank coals and lignites. Retro-
gressive reactions are often promoted by restricted
diffusion, and this behavior has been found to be exacer-
bated by cross-linking. The role of solid-state interactions
in catalysis of coal conversion is under investigation with
silica-immobilized model compounds employed as probes.
Current studies focus on solid-state, acid-cracking reac-
tions with 15-nm dispersed aluminosilicate catalysts, and
hydrocracking reactions applicable to coal hydropyrolysis
employing a dispersed, sulfided molybdenum catalyst.
Solid-state nuclear magnetic resonance (NMR) methods
are being developed to obtain structure-reactivity infor-
mation in chemically modified coals. NMR techniques
under investigation include high-resolution solid-state
1F_NMR, and *C-NMR methods that exploit the *C-°F
dipolar interaction in °*F-labeled organic molecules, poly-
mers, and coals to ellict localized structural information.
Fluorination chemistry is being investigated with current
emphasis on oxygen replacement chemistry (e.g., alcohols
into alkyl fluorides) in low-rank coals wusing di-
ethylaminosulfur trifluoride and sulfur tetrafluoride.
Information derived from these investigations will con-
tribute to the base of scientific knowledge necessary for
the development of novel concepts for the conversion of
coal to chemicals or fuels in an environmentally accept-
able manner. [5.1 FTE]

81. Basic Aqueous Chemistry to High Temper-
atures and Pressures
Mesmer, R.E.; Holmes, H.F.; Palmer, D.A.; Si-
monson, J.M.; Ho, P.C.
615-574-4958

The purpose of this program is the experimental study of
aqueous chemistry of broad classes of solutes at high tem-
peratures and pressures to establish basic principles
governing chemical equilibria and thermodynamic proper-
ties of electrolytes. Both the advancement of experimental
" methods and new models for representation and predic-
tion of behavior over wide extremes of temperature and
pressure are important parts of the program. A number of
complementary techniques are used up to and beyond the
critical temperature of water and its solutions. Current
research uses flow calorimetry, densimetry, isopiestic ap-
paratus, electrochemical cells, electrical conductance
apparatus, vapor-liquid partitioning cells, and Raman
spectroscopy. Chemical equilibria under study are
ionization—ion association, metal complexation, metal ion
hydrolysis, solubilities, volatilities, and oxidation-
reduction reactions. Reaction thermodynamic quantities
and excess properties of electrolytes are of interest. New
results are bridging the troublesome transition from
strong to weak electrolyte behavior, and reaction behavior
of new classes of ions and species. Models are being devel-
oped for describing variations of both standard-state and
excess thermodynamics quantities over wide ranges to
temperature and pressure. Results impact strongly the
communities in basic solution chemistry and hy-
drothermal geochemistry, steam generator technology,
geothermal technology, environmental chemistry, and nu-
clear and hazardous waste disposal. [3.2 FTE]

82. Heterogeneous Catalysis Related to En-
ergy Systems
Overbury, S.H.; Huntley, D.R.; Mullins, D.R.;
Grimm, F.A.
615-574-5040

A comprehensive program has been developed to examine
the structure and reactivity of clean and modified metal
surfaces. Analysis of low-energy alkali ion scattering has
determined the first and second layer composition and
structure of clean and partially oxidized Mo 7sRe 35 sur-
faces, an advance that should allow better theoretical
descriptions of surface segregation and reconstruction. In
addition, ion scattering has recently revealed substrate
reconstructions in S/Ni(111) and S/W(100). An increasing
focus is to utilize the tunability and intensity of syn-
chrotron radiation to examine -both substrate and
adsorbate structures. Sulfur core level photoemission indi-
cates that methylthiolate occupies both high and low
coordination sites on W(100) surfaces, and the adsorption
states exhibit quite different reactivities. Chemical shifts
in the W 4f shallow core level photoemmision in the pres-
ence of adsorbates including Ni, S, O, and C have been
observed and related to substrate structure. Detailed re-
action mechanisms have been determined for both aryl
and alkyl thiols on Ni(110) surfaces using a combination
of techniques that probe both gas-phase and surface
species. The control of selectivity by preadsorbed hydro-
gen and oxygen in ethanethiol reactions has been
explored. The preferred reaction pathways in mercap-
toethanol are characterized by both thiolate and ethoxide
formation. [3.5 FTE]

83. Photolytic Transformations of Hazardous
Organics in Multiphase Media
Sigman, M.E.; Dabestani, R.T.
615-576-2173

This research program constitutes a fundamental investi-
gation of the photochemistry of aromatic hydrocarbons

(ArHs) and polynuclear aromatic hydrocarbons (PAHs)

both in heterogeneous and aqueous media by product

. analysis and in situ spectroscopic techniques. The goal of

the research is to achieve an enhanced understanding of
photochemical processes occurring at industrially and en-
vironmentally important interfaces and in aqueous
solutions. Work in this laboratory has previously demon-
strated that highly polar, nonsemiconducting surfaces can
exert large effects in controlling the rates and mecha-
nisms of photoreactions at solid and air interfaces through
stabilization of highly polar intermediates such as super-
oxide and cation radicals. Current research focuses on the
photoreactions of PAHs at SiO;—air interfaces. The photo-
chemistry of ArHs and PAHs in aqueous media, though of
notable environmental concern, has not been well studied.
Initial studies in this laboratory on the photochemistry of
anthracene in water revealed the formation of a novel
product that was heretofore unreported. Current investi-
gations center on more highly water soluble PAHs. Among
the benefits to be derived from this research is a better
understanding of those factors that control the environ-
mental fate and residence times of anthropogenic
materials (e.g., PAHs) that are generated through the con-
sumption of fossil fuels. [2.2 FTE]
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84. Free-Radical Chemistry of Coal
Franz, J.A.; Alnajjar, M.S.; Autrey, S.T.; Line-
han, J.C.
509-375-2967

The project seeks to develop a predictive model for the
evolution: of structure and the kinetic behavior of func-
tional groups in coal based on fundamental properties of
the appropriate transient intermediates during the ther-
mal or catalyzed degradation of coal under liquefaction
conditions. Efforts include determination of the thermeo-
chemistry of carbon-centered free radicals substituted
with aromatic and heteroaromatic ring systems, ketone,
and heteroatom centers. The effects on homolytic C-C and
C-H bond strengths of benzylic hydrogen of =-
complexation of organometallic groups are under
investigation. Hydrogen transfer pathways under coal lig-
uefaction conditions are being investigated using kinetic
modeling, semiempirical and ab initio theoretical ap-
proaches, high-temperature kinetic studies, and kinetic
electron spin resonance methods. The potential surfaces of
rearrangements of sulfur-containing free radicals are be-
ing investigated using kinetic laserflash spectroscopy and
relative rate kinetic methods, and by post-SCF ab initio
theoretical calculations. The structure of coal and organic
" oxygen and sulfur functional groups is being investigated

using solid state nuclear magnetic resonance (NMR) -

methods. [3.7 FTE]

Separations and Analysis

Ames Laboratory
Iowa State University
Ames, IA 50011

Processes and Techniques Pro- $1,145,000

gram

85. Analytical Separations and Chemical
Analysis
Fritz, J.S.
515-294-5987

The project objective is to devise practical, innovative
methods for analytical separations and chemical analysis.
" Capillary electrophoresis (CE), and ion chromatography
are used to separate and determine anions and metal
cations in complex samples. New resins and techniques
are developed for solid-phase extraction and for chromato-
graphic separations. Resins of small particle size are
incorporated into membranes in order to obtain rapid
mass transfer. Chelating reagents and resins are pre-
pared and used for isolation of selected metal ions from
aqueous solutions. [2.1 FTE]

86. Analytical Spectroscopy
Houk, R.S.; D’Silva, A.P.
515-294-9462

The basic principles and practical aspects of several im-
portant methodologies for ultratrace analysis are studied
in this project. Plasma sources for atomic spectroscopy and
mass spectrometry are emphasized, particularly mecha-
nistic and analytical investigations of the inductively
coupled plasma (ICP) and inert gas afterglows. A compre-
hensive atlas of spectral lines emitted from the ICP by all
common elements is being compiled. New directions in
ICP mass spectrometry include basic studies of the sample
introduction and ion extraction processes, development of
instrumental methods for removing interferences, and the
use of ICP-MS in conjunction with chromatographic sepa-
rations for measurement of elemental speciation. These
ICP studies have resulted in state-of-the-art analytical
methodologies that are utilized extensively elsewhere in
DOE and in the outside analytical community. New direc-
tions in ion trapping and time-of-flight mass spectrometry
are also investigated. (4.5 FTE]

87. Chemical Analysis at Liquid-Solid Inter-
faces ,
Porter, M.D.
515-294-6433

This project examines new approaches for the design, con-
struction, and characterization of monolayer films at
liquid-solid interfaces. Efforts focus on (1) developing
atomic-scale descriptions of the two-dimensional arrange-
ment of spontaneously adsorbed monolayer films formed
from alkanethiols at gold and silver surfaces, (2) probing
solvent-monolayer interactions of such monolayers with
aqueous and various nonaqueous solvents with in situ
Fourier transform infrared (FTIR) reflection spectroscopy,
and (3) examining the fabrication for molecular
recognition monolayers with organosulfur derivatized cy-
clodextrin monolayers. The atomic-scale arrangements
are probed by both scanning tunneling and atomic force
microscopy. The molecular level descriptions are derived
primarily from IR reflection and Raman spectroscopies,
optical ellipsometry, electrochemistry, and contact angle
studies that relate the composition and molecular ar-
rangement (spatial orientation and packing density) of the
organic surface structures with the crystallinity and
roughness of the substrate. The molecular recognition ef-
fort examines the incorporation of size selective channels
in long alkyl chain monolayers as well as the synthesis
and fabrication of organosulfur-derivitized cyclodextrin
monolayers. [2.2 FTE]

88. Lasers in Analytical Chemistry
Yeung, E.S.
515-294-8062

The central theme of this project is the identification,
evaluation, and application of analytical concepts based
on the most recent developments in spectroscopy, particu-
larly laser technology. Solutions to a large number of
chemical problems, especially those in environmental,
clinical, and energy-related areas, are currently limited by
available analytical methodology. Attempts will be made
to remove limitations by developing new techniques for
measurements, by providing novel instrumentation, and
by gaining an in-depth understanding of the fundamental
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physical and chemical principles behind the measure-
ments. Specific studies include (1) spatial and temporal
spectroscopic probes to study laser vaporization and laser
desorption processes, so that quantitation can become
more reliable; (2) electro-rotation and magneto-rotation
techniques for selective measurements in solutions; (3) de-
tectors for microcolumn separation schemes that are more
sensitive and more reliable; and (4) laser-initiated gas-
phase reactions relevant to vapor deposition and etching
schemes for material processing. (4.7 FTE]

Argonne National Laboratory
Argonne, IL 60439

Chemistry Division $1,071,000
89. Separations Science Related to Nuclear
. and Hydrometallurgical Technology
Horwitz, E.P.; Gatrone, R.C.; Dietz, M.L.; .
Nash, K.L.
708-252-3653

The objectives of this program are (1) to develop new and
improved reagents that may be applied to separations sci-
ence and (2) to elucidate the basic chemistry involved in
utilizing these new reagents. The major subdivisions of
the program are (1) the study of extractant—diluent inter-
actions with the goal of achieving major alterations in the
physical properties of extractant systems; (2) the study of
isomer effects on molecular recognition by macrocyclic
polyethers with the goal of understanding how conforma-
tional changes in the macrocyclic ring affect metal
complex stability and macrocycle selectivity; (3) the de-
sign, synthesis, and characterization of new classes of
macrocylic compounds that show significantly improved
selectivity for monovalent cations; and (4) the design, syn-
thesis, and characterization of new classes of aqueous
soluble nonphosphorus complexing agents that are capa-
ble of forming stable complexes with actinides in highly
acidic media but will readily decompose under mild
thermal oxidizing conditions to form environmentally ac-
ceptable species. All four objectives are directed towards
- application in nuclear technology, such as actinide separa-
tions, waste processing, by-product recovery from nuclear
waste, and hydrometallurgical processing. [3.5 FTE]

Brookhaven National Laboratory
Upton, L.I, NY 11973

Department of Applied Science $419,000

90. Structure and Function in Electrochem-
istry
Adzic, R.
516-282-4480

The objective of this program is to enhance the under-
standing of the relationship between the structure of an
electrode surface and its function in an electrochemical
process. A unique feature of this'work will be the empha-
8is on in situ determination of the structure of an
electrode surface with atomic resolution, during the course
of an electrochemical reaction, as well as the identification

of adsorbates, intermediates, and products of that reac-
tion, with molecular specificity. X-ray scattering (utilizing
the National Synchrotron Light Source), scanning tunnel-
ing microscopy (STM), atomic force microscopy, and
(nonenhanced) Raman scattering will be the primary in

" situ probes. Specific studies will focus on (1) establishing

the correlation between the structure of single crystal sur-
faces (with and without foreign metal adatoms) with the
rate of electrocatalytic reactions by in situ determination
of the surface and adatom structures, geometry of active
sites, and identification of adsorbed intermediates during
the reaction; (2) examining the reconstruction of electrode
surfaces by studying the reconstruction of stepped sur-
faces of gold and platinum as a function of electrode
potential and electrolyte composition; and (3) exploring
the possibilities of designing new catalysts for methanol
oxidation based on the platinum-metal oxide systems. In
situ determination of the overlayer structures of Pb and
Bi adatoms on Pt(111) and Pt(100) has been conducted by
X-ray diffraction and STM. Atomic-level resolution STM
data have been obtained with stepped surfaces of gold and
low-index planes of silver. [1.5 FTE]

91. Microparticle Analysis by Laser Spec-
troscopy
Tang, LN.; Fung, K.H.
516-282-4517

The objective of this research program is to determine the
fundamental properties that are essential in developing
laser-based spectroscopic methods for microparticle analy-
sis. Microparticles are present ubiquitously in nature, as
well as in many energy-related processes. Because of the
minute. physical size of these particles, development of ul-
trasensitive techniques for in situ monitoring of the
physical transformation and chemical reaction of these
airborne particles is imperative. Laser Raman scattering

"18 currently being investigated as a means for composition

analysis of these particles. Quantitative measurements
are performed to establish a database on Raman scatter- -
ing cross sections for common ionic solids such as
oxyanions. With an aim to elucidate the chemistry of ionic
solution - droplets, a unique single-particle suspension
technique, combined with the laser Raman scattering
probe, is used to levitate and analyze solution droplets of
high supersaturation that cannot otherwise be obtained
with bulk samples. Resonance Raman scattering is being

. investigated for sensitivity enhancement. of inorganic

species .such as sulfates and nitrates. The principle of
combining laser Raman scattering with mass spectromet-
ric detection is also.being developed. The extremely high
sensitivity of mass spectrometry makes it particularly
suited for ultrafine particles whose chemical characteriza-
tion cannot be accomplished by any other methods. It is
anticipated that the research will lead to increased sensi-
tivity and better selectivity of spectroscopic methods for
microparticle analysis. [1.5 FTE]
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92. Negative Ionization Mass Spectrometry
Delmore, J.E.; Appelhans, A.D.; Dahl, D.A.
208-526-2820

. The development of techniques for elucidation of gas
phase ion formation mechanisms from high-temperature
solid-state inorganic matrices is the main emphasis of this
program. Two new techniques being developed which are
proving to be very useful in this regard are a tube ion
source and an ion source imaging instrument. The tube
ion source produces ions from large samples which are
packed into a refractory metal tube and heated to an ap-
propriate temperature, and the ions emitted from the
material analyzed by mass spectrometry. Gases can be
diffused through the material in the tube so that high-
temperature reactions can be observed. The tube can be
transferred into the imaging instrument and the regions
in the source which produce ions observed with good
depth of focus and resolution of up to three microns. Mi-
crostructures on the surface are then analyzed by SAM
and SEM and correlated with the ion emitting regions
identified by ion source imaging to gain better under-
standings of the chemical nature of the ion emitting
regions. These techniques were recently being used to
. study a series of refractory oxides which emit intense
beams of metal oxide anions at temperatures in the range
of 800 to 1100 °C, and understanding of the processes con-
trolling gas ‘phase ion formation were developed. Ion
emitting glasses are currently being studied. To develop
understanding of these processes it is necessary to model
the motion of ions in electric/magnetic fields accurately. In
order to meet this need new 3-D mathematical algorithms
are under development for computer modeling of ion optic
systems. [2.0 FTE]

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Energy and Environment Divi- $214,000 .

sion

93. Repetitively Pulsed Laser/Material Inter-
action
Russo, R.E. .
510-486-4258 ’

A new powerful technique for chemical separations and

analysis is the use of a repetitively pulsed laser material -

interaction for direct solid sampling. However, the explo-
sive laser material interaction is not fundamentally or
experimentally -defined for general -application. This
research program employs several analytical probe tech-
niques, including atomic emission spectroscopy (AES),
acoustic sensing, and optical probe laser beam deflection,
to resolve the mechanisms of this interaction, and to de-
velop its capabilities for DOE chemical separations and
analysis applications. Injecting laser sampled species into
an inductively coupled plasma allows simultaneously

study of emission intensity due to changes in the laser
material interaction and determining of parameters that
influence this technique for chemical analysis. The work
emphasizes the use of a repetitive pulsed laser material
interaction for producing steady-state emission intensity
in the inductively coupled plasma. For chemical analysis,
steady-state laser sampling can provide improved accu-
racy and precision (approximately 3%) compared to

. transient sampling (approximately 50%). Piezoelectric

sensors (attached directly to the solid material) are used

‘to study the character and propagation of acoustic waves

induced in the material by the incident pulsed radiation.
Changes in the acoustic response as a function of laser
power and material properties are studied to indicate the
existence and time dependence for mechanisms of heat-
ing, melting, vaporization, and ablation. Optical probe
beam deflection is employed to monitor the region adja-
cent to the solid surface illuminated by the laser beam to
determine heating and cooling, the onset of material re-
moval, and the formation of a laser initiated surface
plasma. Fundamental mechanisms describing the explo-
sive laser material interaction will be described by
drawing correlations between these acoustic, deflection,
and atomic emission data. The laser material interaction
has numerous applications to other areas of DOE, includ-
ing materials, environmental, and health. Fundamental
knowledge gained through this work can benefit these ap-
plications. [1.7 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831

Analytical Chemistry Division $1,962,000
94. Advanced Spectroscopic Methods for
Chemical Analysis
Hulett, L.D., Jr.; Dale, J. M.; Xu, J.
615-574-8955

This work involves the development of new analytical
methodology, using sources of spectroscopic particles not
commonly available. Unique facilities at Oak Ridge Na-
tional Laboratory (ORNL), such as the Oak Ridge Electron
Linear Accelerator (ORELA) slow positron source, are ex-
ploited. Monoenergetic (“slow”) positrons are being used to

" study ionization processes. It has been found that slow

positrons effect ionization at lower energy thresholds, and
by totally different mechanisms, than those of electrons. .
This year, a theoretical study of positron induced ioniza-
tion will complement the experimental work. An ultrahigh
vacuum system has been aquired to enable the application
of slow positron spectroscopy to surface analysis problems.
Positron stimulated desorption and positron stimulated
Auger electron emission will be investigated. Positron life-
time spectroscopy, using radioisotope sources, is being
used to study neutron damage to detector materials that
will be used in the Superconducting Super Collider (SSC).
The ORELA slow positron source will be used to inject
monoenergetic positrons to controlled depths in surfaces.
A positron lifetime spectrometer, specially designed for at-
tachment to the ORELA slow positron source, is being
built by AT & T Bell Laboratories. They will work with
ORNL in lifetime measurements of positrons injected into
semiconductor materials and devices. Other collaborators
in this work include workers at Vanderbilt University;
The University of Texas at Arlington; The University of
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Georgia; The University of Tennessee; and State Univer-
sity of New York, Fredonia. [2.8 FTE]

95. - Research Development and Demonstra-
tion of Advanced Chemical Measurement
Techniques
Ramsey, J.M.; Shaw, R.W.; Whitten, W.B.;
Young, J.P.

615-574-5662

The purpose of this research program is to develop new
techniques for chemical analysis to meet future needs in
biotechnology, environmental science, and materials re-
search and processing. Emphasis is on the use of lasers to
extend the sensitivity and specificity of the measurements.
Ultrasensitive fluorescence detection in microdroplets can
now be performed at the single molecule level. Advantages
that accrue from counting the analyte molecules rather
than integrated measurements on the total volume are be-
ing explored. Cavity quantum electrodynamic effects have
been observed in the fluorescence lifetime of molecules in
microdroplets that may further reduce the minimum de-
tectable concentration of molecules in solution. The use of
labeled antibodies to extend. these techniques to nonfluo-
rescent molecules is being studied as well. Nonlinear
optics effects with tunable pulsed lasers are being used to
probe molecular species in gas—solid interfaces. Tech-
niques are being developed to monitor the bulk gas,
boundary layer, and surface concentrations of various
reagents and reaction products important in chemical va-
por deposition. The use of inexpensive single-frequency
diode lasers for high-resolution resonance ionization mass
spectrometry is also being explored. (1.7 FTE]

96. Mass Spectrometric R & D for Inorganic
Analyses
Smith, D.H.; Barshick, C.M.; Duckworth, D.C.;
Riciputi, L.R.
615-574-2449

The objective of this work is to expand the frontiers of
inorganic mass spectrometry both with regard to in-
strumentation and sample preparation methodology.
Emphasis is currently focused on glow discharge mass
spectrometry, where recent advances include development
of an rf-powered source that allows ready analysis of non-
conducting samples. The goal is to develop methodology to
allow application to areas previously closed to this
technique. Included among these is isotope ratio measure-
ments, small (1 mg) sample analysis, and direct analysis
of samples with no chemical preparation; an example of
this last is to analyze rock directly. The combination of a
glow discharge source mated to an ion trap mass spec-
trometer is being investigated. Methodology is being
developed to analyze isotopically a wide variety of ele-
ments. Isotope dilution is extensively used to obtain
quantitative results. {2.3 FTE]

97. R & D in Secondary Ion Mass Spectrome-
try .
Todd, P.J.; Rosseel, T.M.; Short, R.T.
615-574-6824 :

The objective of this work is to cross barriers that limit
the analytical applicability of secondary ion mass spec-
trometry (SIMS). This is mainly accomplished by first
understanding the fundamental cause of the barrier, and

then circamventing it by instrumental or chemical devel-
opment. For example, secondary ions from lighter
rare-earth oxides interfere with analysis of heavier rare-
earth ions; mass spectra of doubly charged ions from
rare-earth sample show a virtual absence of oxide ions. By
basing analysis on doubly charged secondary ions, oxide

- interferences are thus removed. As another example,

SIMS has met with limited success for analysis of insula-
tors. By coordination of primary ion and electron flood gun
currents with secondary ion source potentials, a compen-
sation scheme has been developed that is generally
applicable to imaging by SIMS microprobe of samples as
large as 1 c¢cm in diameter. Current research centers
around extending charge compensation schemes to other
instrumental configurations, developing chemical prepa-
ration methods to enhance secondary ion emission from
organic samples, and studying chemical damage to
organic and inorganic samples by primary ions. Collabora-
tive studies where SIMS is used for analysis are also
conducted, and include geochemistry, biomedicine, and
the Human Genome project. [2.2 FTE]

Chemical Technology Division $1,344,000

98. Chemical and Physical Principles in Mul-
tiphase Separations
Byers, C.H.; Basaran, O.A.
615-574-4653

Electromagnetic fields can enhance drastically the rates of
momentum, heat, and mass transport in fluids. The main
goal of this research is to explore by means of fundamen-
tal, experimental, theoretical, and computational studies
the effectiveness of electromagnetic fields in enhancing
the efficiency of multiphase separation processes. The pri-
mary focus of the program is to develop a fundamental
understanding of the effects of electric fields on liquid
drops, with the ultimate goal of using that understanding
in devising novel means to dramatically improve trans-
port rates in liquid-liquid systems. Thus, this part of the
program addresses such issues as (1) shapes and stability
of drops, (2) oscillations of free and supported drops, (3)
dynamics of drop formation, (4) drop breakup, and (5) in-
teraction and coalescence of multiple drops. A second
thrust entails an exploratory study of the use of electric
fields in enhancing liquid-vapor operations. This part of
the program addresses such key issues as (1) effects of ex-
ternal electric fields on bubbles, (2) formation of bubbles in
an ambient flow field, and (3) free surface flows of pseudo
single-phase and multiphase fluids over complicated solid
boundaries. Other externally applied force fields (e.g., be-
cause of rotation or acoustic fields) are sometimes used to
aid the study or to enhance the effectiveness of externally
applied electromagnetic fields on drops and bubbles. A
third focus is examining the use of high-intensity, high-
gradient (HIHG) magnetic fields in separations processes.
A primary goal of this final thrust is the study of the in-
teractions of charged macromolecular entities in viscous
media that are under the influence of HIHG magnetic
fields. In addition to ‘'multiphase separations, the above
three primary thrusts have ramifications in diverse areas
of science and technology that range from cloud physics to
ferrohydrodynamics to atomization. [2.8 FTE]
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99. Interactions of Solutes, Solvents, and Sur-
faces: Adsorption and Supercritical
Extraction
Cochran, H.D.; Byers, C. H
615-574-6821

Fundamental theoretical and experimental studies are
aimed at understanding the striking properties of
supercritical solutions in terms of the underlying fluid mi-
crostructure and molecular interactions. These solutions
are important in novel separation technologies such as
supercritical extraction and supercritical fluid chromatog-
raphy and other technologies as well. Monte Carlo
techniques have been used to study systems of long-chain
molecules with supercritical solvents, observing for the
first time by molecular simulation (1) varying chain con-
formation near the solvent’s critical point, (2) swelling of a
polymer melt by a supercritical solvent, and (3) existence
of a lower critical solution point. Neutron scattering ex-
periments have been performed with supercritical fluids
using the new cell and cryostat on the small-angle neu-
tron scattering (SANS) instrument at the High Flux
Isotope Reactor (HFIR) and the glass and liquid diffrac-
tometer (GLAD) instrument at the Intense Pulse Neutron
Source (IPNS). By solving the inhomogeneous Ornstein—
Zernike equation for solutions in supercritical solvents at
equilibrium with a surface, competitive effects have been
observed for the first time between adsorption at the sur-
face and solubility in a supercritical solvent. A new
generalized quartic equation of state has been demon-
strated that offers the advantages of cubic equations of
state with improved accuracy because of improved repre-
sentation of the repulsive contribution in a quartic form.
Collateral programs of a more applied nature interact
symbiotically with this basic program. {1.0 FTE]

100.. Chemistry of Actinides and Fission Prod-
ucts
Toth, L.M.; Hunt, R.D.
615-574-5021

This project is one of only a few remaining fundamental
research efforts that are concerned with the physical-
chemical characteristics of the actinides and fission
products as related to separations schemes. Although the
efforts are generally focused on spectroscopic and photo-
chemical approaches, other techniques such as neutron/
X-ray small angle scattering have been employed as a
means of identifying more macroscopic properties of these
systems (e.g., the sizes and geometries of colloidal
species). The fundamental concerns are aimed at defining
the chemistry of (1) molten salt systems containing ac-
tinides or fission products (which have some potential for
separations or waste isolation development); (2) these
elements trapped and photolyzed in the controlled envi-
ronment of a solid matrix (which could encourage novel
separations under these conditions); and (3) hydrolytic
polymers (namely, the factors controlling their formation,
reactivity, and ultimate size, which ultimately mﬂuences
separations involving these species): (1.5 FTE]

Chemistry Division $939,000
101. Chemical and Structural Principles in
Solvent Extraction
Moyer, B.A.; Sachleben, R.A.; Burns, J.H.
615-574-6718

Crown ethers, ionizable lariat ethers, and related multi-
dentate compounds are being synthesized and studied to
gain insights leading to the selective recognition and sepa-
ration of metal cations. Principles of thermodynamics and
structure pertaining to energy-related separatlon tech-
niques, espec1ally solvent extraction and ion exchange
receive primary consideration. An important thrust aims

. at combining neutral and ionizable functionalities in one

extractant molecule as represented by the class of
ionizable dibenzo-14-crown-4 lariat ethers, selective ex-
tractants for small alkali metal cations. Alternatively,
neutral macrocycles are used alone or in synergistic com-
bination with organophilic sulfonic and carboxylic acid
extractants to achieve novel systems for selective separa-
tion of alkali, alkaline-earth, and transition metals.
Questions being addressed through the synthesis and test-
ing of new substituted crown-ether extractants pertain to
the influence of preorganization, metal-ligand comple-
mentarity, lipophilicity, inductive effects, and steric
factors on extraction selectivity and behavior. Structural
aspects are probed extensively by the methods of X-ray
structure determination of crystalline model compounds,
molecular mechanics, and spectroscopy (e.g., Fourier
transform infrared (FTIR), nuclear magnetic resonance
(NMR), and UV-vis). Thermodynamic aspects are probed
by distribution measurements, titration calorimetry,
potentiometry, and other physical measurements. Multi-
equilibrium modeling techniques employing the program
SXLSQA aid interpretation of extraction results. [3.9 FTE]

Pacific Northwest Labbratory
Richland, WA 99352

Chemical Sciences Department $905,000
102. Fundamentals of Phase Partitioning in
Supercritical Fluids
Fulton, J.L.; Smith, R.D.
509-376-7011

The goal of this project is to obtain fundamental informa-
tion on kinetic, thermodynamic, and molecular-level
structural phenomena in supercritical fluid solutions.
Understanding these phenomena will lead to new super-
critical fluid separation and reaction processes, and will
suggest new approaches for improving existing processes.
The scope of these studies spans the range from (1) simple
bimolecular solute/solvent interactions to. (2) more
complex multimolecular clustering and aggregation phe-
nomena, as well as (3) fluid/liquid interfacial phenomena.
In the most general sense, this project is exploring super-
critical fluid phenomena in order to bridge the gap
between the understanding of the gas and liquid states.
The approach entails use of spectroscopic techniques such
as FT-IR, Raman, and NMR spectroscopy, and small an-
gle X-ray scattering (SAXS). Concurrent are efforts to
model the fluid structure (using statistical mechanics and
molecular dynamics) and to predict intermolecular and in-
teraggregate attractive potentials (based upon ab initio
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calculations). A main area of study involves the formation
of organized molecular assemblies (e.g., micelles and mi-
, croemulsions) in supercritical solutions, a potential basis
for new separation and reaction processes. Small-angle X-
ray- and neutron-scattering are being used to explore the
structure of aggregates and the nature of the inter-
aggregate attractive interactions in fluids, providing new
insights into the forces dictating the phase behavior of
these systems. It is anticipated that this program will
provide the basis for new and improved analytical separa-
tions (i.e., extractions and chromatography) and for larger
scale separations and reactions as well as an expanded
understanding of solvation and structure in both the su-
percritical and liquid phases. [1.6 FTE]

103. Sources in Analytical Spectrometry
Gordon, R.L.; Styris, D.L.
509-376-2540

This research develops a basic understanding of sources
for analytical spectroscopy, and elucidates the fundamen-
tal physics and chemistry of new and novel source
concepts for mass spectrometry. The work develops infor-
mation fundamental to direct trace analysis of solid
samples. X-ray absorption spectroscopy is used to eluci-
date analyte-matrix and analyte-substrate interactions.
Of particular interest is speciation of trace elements in
and on matrices of environmental importance, and the
chemical processes that lead to atomization or ionization.
The effort includes investigations of work functions of
composite surfaces and kinetics of vaporization, and devel-
ops understanding of the basic physics and chemistry of
new approaches to ionization sources for mass spectrome-
try. Two new sources are under investigation. The first
involves a gentle, specific process for formation of negative
molecular ions through electron capture to excited molec-
ular electronic states. The second explores a broadly
applicable mass spectrometry based on an electrothermal
source that, without complexities introduced by plasmas,
permits analysis of microliter samples. [2.5 FTE]

Materials and Chemical Sciences Department

.104. Laser-Based Analytical Techniques
Bushaw, B.A. :
509-375-2699

Laser ablation methods have been offered as a panacea for
remote sampling and analysis of complex solid samples;
however, the actual potential of this. method has not been
realized in practical applications because of a number of
.problems. These include incomplete sample dissolution
and fractionation, limited sensitivity, and poor repro-
ducibility. Direct emission analysis of the plume created

" by the laser ablation process'has appealing simplicity, but -

at laser intensities suitable for reprodicible ablation, the
intensity of emission is not sufficient for trace analysis.
Attempts to optimize the ablation kinetics and subsequent
plasma emission will .involve double-pulse laser ablation
plasma spark spectroscopy. The emphasis of this program
will be directed toward fundamental studies of the laser
ablation and secondary laser-induced plasma formation
within the ablation plumes. Conventional and coherent
laser spectroscopies will be used to analyze the plumes
and plasmas in an effort to develop and validate accurate,
reliable, and uncomplicated analytical techniques using
simpler optical emission spectroscopy. More novel and

‘Chemical Sciences Division

sensitive laser interrogation methods and instrumenta-
tion will be developed naturally in the course of these
investigations. [0.8 FTE]

Heavy Element Chemistry

Argonne National Ldboratory
Argonne, IL 60439

Chemistry Division $1,797,000
105. Heavy Element Chemistry Research
Nash, K.L.; Morss, L.R.; Appelman, E.H.;
Beitz, J.V.; Soderholm, L.
708-252-3581

The actinides and lanthanides represent a unique labora-
tory for the investigation of the principles of chemical
periodicity with their multiple oxidation states, consistent
contraction of the trivalent radii across the series, high co-
ordination numbers, distinctive UV-visible spectra, and
valence electrons in f-orbitals. The objectives of this pro-
gram are (1) to exploit the distinctive properties of the
f-elements in the development of new reagents and proce-
dures for their processing and use; (2) to compare and
contrast the chemical and physical properties of com-
pounds of lanthanides, actinides, and d-transition
elements in solid, gas, and solution states; and (3) to un-
derstand the role of f-electrons in chemical bonding. Three
related but separate program areas address various
aspects of actinide-lanthanide chemistry: (1) Heavy ele-
ment coordination chemistry uses the unique properties of
the f-elements to ascertain through thermodynamic, ki-
netic, and spectroscopic studies the relationship between
the structural characteristics of heavy element coordina-
tion complexes and their behavior in solutions. (2) Heavy
element photophysics and photochemistry considers the
chemical and structural consequences of excited state for-
mation of f-element compounds, and the dynamics of
relaxation modes in solids, solutions, and gases. (3)
F-electron interactions seeks to develop a predictive un-
derstanding of the mechanism by which f-ions influence
the electronic and cooperative properties of solids that
characterize many lanthanide compounds, such as mag-
netic ordering -and superconductivity. Throughout this
program, an intimate interface between basic s¢ience and
its application in solving problems of critical national im-
portance’is sought. [9.4 FTE]

Lawrence Berkeley Laboratory
University -of California
Berkeley, CA 94720

$1,510,000

106. Actinide Chemistry
‘Edelstein, N.M.
510-486-5624

Future processes for the use, safe handling, storage, and
disposal of actinide materials rely on further development
of basic actinide chemistry and the availability of trained
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personnel. This research program is a comprehensive ap-
proach to the exploration of actinide chemistry and to
student training. Research efforts include synthetic or-
ganic and inorganic chemistry for the development of new
chemical materials, their chemical and physical charac-
terization, and thermodynamic and kinetic studies for the
evaluation of complex formation. One aspect is the devel-
opment of complexing agents that specifically sequester
actinide ions, which are intended for the decorporation of
actinides in humans and the separation of actinides in the
environment. Extensive studies are under way to prepare
-organometallic and coordination compounds of the f-block
elements to show differences and similarities among the f-
elements, and between the f- and d-transition elements.
Optical and magnetic studies on actinides provide infor-
mation about electronic properties as functions of atomic
number. Synchrotron radiation investigations of actinide
materials with hard X-rays have begun for determining
chemical oxidation states and short-range structural infor-
mation in both solutions and amorphous materials. Efforts
to realize the construction of a dedicated actinide facility
at the Advanced Light Source are continuing. [11.0 FTE]

Nuclear Science Division $133,000

107. Chémistry of the Heaviest Elements
Hoffman, D.C.; Gregorich, K.E.
510-486-4474

The objectives of this project are (1) to investigate the
chemical properties of the heaviest elements to determine
the architecture of the periodic table of the elements at its
furthest reaches and (2) to assess the influence of rela-
tivistic effects in these heaviest elements. The actinide
series ends with Lr (element 103), and the change in
chemical properties in going to the transactinide
elements, Rf{104), Ha(105), and (106), is especially impor-
tant. Relativistic effects have been predicted to become
increasingly prominent for the higher-Z elements; possible
observable effects include anomalous trends in ionic radii
and stabilization of different oxidation states than are ob-
served in the lighter homologs. These -properties can be
investigated for the elements from 102 through 106, even
though only small numbers of short-lived atoms can be
produced. This program includes determining or confirm-
ing the most stable oxidation state for each of these
elements and exploring their complexes in aqueous solu-
tions. Isothermal gas phase chromatography is used to
compare volatilities of the halides of elements 104 and 105
with those of their lighter group 4 and 5 halides. Detailed
comparisons of transactinide chemical properties with
those of their lighter homologs show that the chemical
properties of the transactinides cannot be reliably extrap-
olated from those of their lighter homologs. Attempts are
also continuing to try to produce and identify new, longer-
lived isotopes of the heaviest elements that will permit
more detailed studies of chemical properties. {1.0 FTE]

Los Alamos National Laboratory
University of California
Los Alamos, NM 87545

Isotope and Nuclear Chemistry $281,000

Division

108. Actinide Organometallic Chemistry
. Burns, C.J.; Sattelberger, A.P.
505-665-1765

The purpose of these investigations is to promote an un-
derstanding of the preparation, properties, and reactivity

"of complexes of the early actinides in comparison with

similar compounds of the lanthanides and d-transition
metals. From these studies, information can be derived
concerning the bonding in these complexes, and the role of
the 5f orbitals in their stability and chemical reactivity.
This understanding is used to derive insight into the ap-
plication of new chemistry in the solution of modern
technological problems in actinide processing, ceramic
preparation, and environmental remediation. During the
past year, substantial progress has been made in under-
standing the oxidation chemistry of both mixed-ring
(Cp*-COT) and homoleptic aryloxide uranium(III) com-
plexes. Investigations have been initiated into the
synthesis and reactivity of thorium benzyne complexes.
These species have been found to undergo a wide variety
of ligand activation reactions. Investigations of uranium
organoimido chemistry have produced the complexes
(Me5Cs), U(NPh); and (MesC5); U(N-2,6-i-PryC¢H3 )X(O), the
first examples of a new class of molecules: organometallic
complexes of uranium(VI). These high-valent complexes
are supported by oxo and organoimido ligands, and are

" therefore isoelectronic with uranyl complexes. They are

not isostructural, however, and possess an unprecedented
nonlinear N=U=N(Q) geometry. [0.6 FTE]

109. Actinide Chemistry in Near-Neutral Solu-
tions
Clark, D.L.; Hobart, D.E.
505-667-4622

The project objective is to provide fundamental physico-
chemical knowledge pertinent to the behavior of
plutonium and other actinides under environmental and
physicochemical near-neutral pH conditions. The early’
actinides (U, Np, Pu, Am, Cm) constitute a long-term haz-
ard because of their high radioactivity and lon§ half-lives.
Significant advances have been made using *C and "0
nuclear magnetic resonance (NMR) as a speciation tool for
study of hydration number, hydrolysis, and complexation
of early actinides in near-neutral solution. The project is
employing 70 and 3C NMR and single crystal X-ray
diffraction to map out the stability fields of monomeric
and polymeric actinyl carbonate complexes in near-
neutral solution, and to study the kinetics of ligand
exchange with carbonate ligands. Solution NMR provides
a species-sensitive probe for these complicated and envi-
ronmentally relevant systems. The study of EDTA and
siderophore complexation of Pu(IV) has continued. EDTA
is a typical example of common organic co-contaminants
in mixed waste contaminated sites and siderophores may
be present in groundwaters as a result of microbial biolog-
ical activity. Researchers have mapped out the stability
field of Pu(IV) EDTA employing UV-VIS-NIR spectroscopy
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as a function of pH and EDTA concentration at room tem-
perature. A study in the synthesis and characterization
of technologically important actinophiles based on
calixarene ligands has been initiated. Calix[6]arene sul-
fonate and its substituted derivatives are thought to be
potent complexants that are selective enough to extract
uranyl ion from seawater. [0.5 FTE]

Oak Ridge National Laboratory
Oak Ridge, TN 37831

Chemistry Division $1,311,000

110. Chemistry of Transuranium Elements and
Compounds
"Haire, R.G.; Gibson, J.K.; Johnson, E.;
Krause, M.O.; Peterson, J.R.
615-574-5007

The program’s primary objective is to promote the chem-
istry, physics, and material science of the actinides and
their compounds through systematic investigations. This
goal is pursued by determining experimentally thermo-
chemical, structural, and electronic properties and is
supplemented by theoretical calculations. Results are
frequently interpreted as a function of electronic configu-
rations, which permits an understanding in terms of the
framework of the entire periodic table. Studies may in-
clude the 4f elements, or selected transition elements, for
comparative purposes or when they are incorporated in
compounds or alloys with the actinides. Overall, the in-
tent is to fundamentally define and understand actinide
science, to establish important scientific databases, and to
provide information that is relative to a diversity of tech-
nological areas. The latter includes various aspects of
nuclear waste disposal, environmental assessments, as
well as transmutation technologies. Examining the high-
pressure behavior of the actinides yields  unique
information concerning bonding, phase behavior, and crit-
ical atom—atom separations. Thermodynamic information
for the actinides is acquired via high-temperature mass
spectrometry, differential thermal analysis, theoretical
calculations, and so forth. The high-temperature vaporiza-
tion of oxides and metals is pertinent to both fundamental
and practical questions. Relativistic calculations provide
information on ionization potentials, electronic structures,
radii, and so forth. which aids in establishing a funda-
mental understandirig of these elements. Solid-state
spectroscopy (Raman, luminescence, fluorescence, absorp-
tion) studies are used to define structural environments,
electronic energy levels, and transitions in actinide
materials. These spectral techniques provide sensitive in-
vestigative tools that complement X-ray analysis. New
thrusts in the program include defining the electronic
structure and dynamics of free actinide atoms and
molecules via electron spectroscopy and conducting pho-
toionization studies of actinides via mass spectrometry in
conjunction with tunable lasers. [7.0 FTE]

Chemical Engineering Sciences

Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

Chemical Sciences Division $170,000
111. Molecular Thermodynamics for Phase
Equilibria in Mixtures
Prausnitz, J.M.
510-642-3592

Phase equilibria are required for design of efficient large-
scale separation processes in the chemical and related
industries. In this context, “efficient” refers to optimum
use of raw materials and to conservation of energy. Since
the variety of technologically important fluid mixtures is
extremely large, it is not possible to obtain all equilibria
from experiment. Therefore, the objective of this research
is development of molecular thermodynamics for interpre-
tation and correlation of reliable experimental data
toward confident prediction of phase equilibria for en-
gineering. The correlations are expressed through
semitheoretical physicochemical models in a form suitable
for computer-aided design. These models are suggested by
theory and, in some cases, supplemented by molecular
simulations. Particular attention is given to traditional or
novel materials that may be useful for innovative low-
energy consuming separation processes such as polymers
and gels and micellar systems with possible applications
in biotechnology. However, attention is also devoted to
conventional materials for applications in fuel technology,
salt production, and for recovery of solutes from wastewa-
ter. Development of molecular thermodynamics calls for a
combination of theoretical, computational, and experimen-
tal work. Further, it requires simultaneous awareness of
progress in molecular science and of realistic require-
ments for engineering design. [1.75 FTE]

Energy and Environment Divi- $349,000

sion

112. Turbulent Combustion
Talbot, L.; Cheng, R.K.
415-642-6780

This program involves experimental and numerical inves-
tigations of the coupling and interactions between
turbulence and combustion. The processes are complex
and are characterized by scalar and velocity fluctuations
with time and length scales spanning several orders of
magnitude. The approach is to gain' a fundamental
understanding of the fluid mechanical processes by inves-
tigating flames with simple geometry to facilitate direct
comparison between experimental and numerical results.
Laboratory flames give free access to interrogation by
laser diagnostics and their flow configurations are
amenable to numerical simulations. The approach is to
study flames with moderate turbulence intensities. Under
these conditions, chemical times are significantly shorter
than the turbulence times so that the mean burning rate
can be derived from the topology of the thin (< 1 mm)
wrinkled flame. The current goal is to obtain a physical
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understanding of the effects of combustion heat release on

turbulence, and to quantify the relationship between.

turbulénce intensity and the burning rate. The measure-
ments of turbulence statistics and flamelet topology in
several flame configurations have been used to validate
theoretical 1-D models by Bray and Libby and the results
of direct numerical simulation by Ashurst. A 2-D vortex
dynamics simulation of rodstabilized “v” flame that pro-
vides a direct comparison of the experimentally measured
conditioned velocity statistics has also been developed.
The next-goal is to investigate flames with high turbu-
lence intensity to provide a closer simulation of the
combustion processes in practical systems. [2.2 FTE]

Los Alamos National Laboratory
University of California
Los Alamos, NM 87545

Theoretical Division $87,000
113. Thermophysical Properties of Mixtures
Erpenbeck, J.J.
505-667-7195

The thermophysical properties of mixtures of particles
interacting through simple interaction potentials are eval-
uated, using both equilibrium Monte Carlo (MC) and
molecular dynamics (MD), as well as nonequilibrium
molecular dynamics. The properties under investigation
- include the equation of state and transport properties,
including mutual and self diffusion, shear and bulk vis-
cosity, thermal conductivity, and thermal diffusion.
Fundamental questions arising in the theory of fluids and
fluid mixtures are addressed where numerical “experi-
ments” are appropriate. MC-MD calculations for
equimolar, binary, and hardsphere mixtures having mass
ratio 0.03 and diameter ratio 0.4 (similar to helium-
xenon) have been completed (including rather precise
corrections for large-system size and Green—Kubo time)
for all but the highest fluid densities. Analytical expres-
sions for the pressure and transport coefficients have been
obtained and the results compared with extant theory.
The pressure has been compared with both the viral se-
ries, for which the 2nd and 3rd viral coefficients are
known exactly, and the Mansoori—-Carnahan-Starling—
Leland theory. The difference between the project values
of the pressure and the latter theory are found to increase

monotonely with density but reach only 0.4% in the worse
case. The transport coefficients are compared with the En-
skog theory and modest deviations are found, ranging up
to 25% at the highest densities. In addition, a square-well,
hard-sphere model for chemical reaction has been studied
in the context of the Chapman—Jouguet theory of exother-
mic reactive fluid flow. Through equilibrium MC,
molecular dynamics calculations for this reactive interac-
tion potential, the equation of state and chemical
equilibrium in the neighborhood of a detonation Hugoniot
curve for this model have been studied. The Hugoniot
curve is shown to have the concave upward shape in the
p-V plane typical of exothermic materials. [0.5 FTE]

Sandia National Laboratories, Liver-

more
Livermore, CA 94551

Combustion Research Facility $426,000

114. Analysis of Turbulent Reacting Flows

Ashurst, W.; Kerstein, A.R.; Barr, P.K.
510-294-2274

The goal of this project is to develop numerical simulation
techniques for the understanding of reacting turbulent
flows. The objective is to show the mechanisms of turbu-
lent mixing and reaction. Numerical simulation of
unsteady reacting flow places an emphasis on flame—
vortex interactions using the vortex dynamics method
and/or direct numerical simulations of the Navier—Stokes
equations. Analysis and simulation have shown that
flame propagation in weak turbulence has a 4/3 power de-
pendence on turbulence intensity. The previously known
quadratic behavior is restricted to periodic flows. Flame
propagation in strong turbulence exhibits a maximum
speed that is related to the spatial structure of the turbu-
lent eddys. Inclusion of multistep chemistry in curved
diffusion flamelets has been initiated in order to compare
with planar, strained flamelet results. The linear-eddy
mixing model, unique in its representation of the distinct
influences of convective stirring and molecular diffusion,
has been used to interpret measurements of chemical re-
actions in spatially homogeneous turbulent flows. This
work will contribute to the basic understanding of turbu-
lent reacting flows and aid in interpreting experimental
data. [1.7 FTE]
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University of Akron
Akron, OH 44325

Department of Chemistry

115. Dynamics of Charge-Transfer Excited
States Relevant to Photochemical Energy
Conversion
Lim, E.C.
216-972-5297

The primary objective of the research program is to gain
fundamental understanding of the factors governing the
efficiency of charge transfer processes in molecular sys-
tems of relevance to photochemical energy conversion.
Current emphasis is on the study of intramolecular
charge separation and charge neutralization in bichro-
mophoric systems of the general structure M-X-M, where
two identical aromatic moieties (M) are joined by a single
bridging group X(= CH,, NH, O, SiH;, and so forth). Novel
biphotonic, as well as more conventional monophotonic,
laser excitation schemes are used to create intramolecular
charge transfer states in these species. The time- and
energy-resolved spectra of these states are then probed by
laser kinetic spectroscopy to identify the rate and mode of
their decays. The photoisomerization of van der Waals
complexes into the corresponding exciplexes are also being
investigated in a supersonic free jet for the purpose of
probing the factors that influence the efficiency of the con-
formational isomerization related to the excited-state
charge transfer process.

$105,000

University of Alabama
Tuscaloosa, AL 35487

Department of Chemistry

116. Magnetic Resonance' and Optical Spectro-
scopic Studies of Carotenoids
Kispert, L.D. -

205-348-7134

The .objectives of this research are to understand the role

$90,000

of a host matrix in the mechanism of carotenoid cation -

radical formation and decay and to determine the special
properties of carotenoids that enable them to serve both
as antennae and as photoprotective agents in photosyn-
thesis and as a possible component of electron transfer
processes. Picosecond optical measurements of a highly
polarizable polyene as a function of increasing solvent po-
larity showed a significant decrease in lifetime due to
solvent reorientation which stabilized the polar excited
state resulting in enhanced charge transfer character and

in turm enhanced non-radiative decay. Simultaneous elec-
trochemical and electron paramagnetic resonance (EPR)
measurements indicate that upon oxidation of carotenoids
with acceptor substituents, 96% carotenoid cation radicals
are formed, while 99.7% dications are formed upon the
oxidation of (-carotene, or carotenoids with donor sub-
stituents, suggesting a reason for the EPR observation of
carotenoid radicals in some photosystems and not others.
Semiempirical molecular orbital (RHF-INDO/SP) calcula-
tions of the canthaxanthin cation radical in solution are in
excellent agreement with the electron nuclear double res-
onance (ENDOR) measured proton couplings indicating a
planar configuration for the polyene chain. Attempts are
under way to manipulate the host matrix in such a man-
ner as to understand the carotenoid function (.e.,
protection, quenching, energy transfer, and antenna) and
to ultimately develop predictive mechanisms for directing
the outcome of photochemical events.

Arizona State University
Tempe, AZ 85287

Department of Chemistry

117. Supramolecular Structures for Photo-
chemical Energy Conversion
Gust, J.D., Jr.; Moore, T.A.;
Moore, A.L.

602-965-4547

The project objective is the synthesis and study of complex
four- and five-part molecular devices that mimic natural
photosynthetic reaction centers. Results of these investi-
gations will aid in the design of artificial solar energy
harvesting systems, increase understanding of natural
photosynthesis itself, and provide an entry into the devel-
oping field of molecular electronics. For example, a
molecular pentad C-Pz,—P-Q-Q has recently been syn-
thesized. It consists of a diporphyrin moiety (Pz,—P)
linked to a carotenoid polyene (C) and a diquinone species
(Q—Q). Absorption of light by the molecule results in pho-
toinitiated electron transfer to produce an initial
charge-separated state C-Pz,—P *-Q ™—Q with a quantum
yield of 0.85. A series of subsequent electron-transfer
steps leads to a final charge-separated state C*-Pz,-P—
Q-Q ~ with an' overall quantum yield of ~0.83. This
species has a lifetime of 55 us, and has stored within it
about one-half of the energy of the absorbed photon. The
knowledge gained from studies of the pentad and simpler
molecules is being used to design a new generation of pen-
tad and tetrad molecules in which the quantum yield,-
lifetime, and amount of stored energy will be further opti-
mized. In addition, these molecular devices are being
incorporated into monolayers and other thin films in order
to investigate their photoelectrochemical properties.

$208,000
(15 months)
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Boston University
Boston, MA 02215 S

Department of Chemistry

118. Study of Intermediates from Transition
Metal Excited-State Electron- T)'ansfer Re-
actions
Hoffman, M.Z.
617-353-2494

The electron-transfer quenching of the excited states of
transition metal coordination complexes results in their
one-electron oxidation or reduction, and the corresponding
reduction or oxidation of the quencher. The major objec-
tive of this research, which utilizes the techniques of
time-resolved spectrofluorimetry, continuous and pulsed
photolysis and radiolysis, and electrochemistry, is to gain
an understanding of (1) the parameters that govern the
efficiency of the formation of energy carriers from the
quenching reaction, (2) the dependence of the kinetics and
efficiencies of all the mechanistic steps of the overall reac-
tion on temperature and the nature of the solution
medium, and (3) the properties and reactivities of the re-
duced and oxidized species. During the past year, the
following projects have been investigated (1) the determi-
nation of the cage escape yields in the oxidative_and
reductive quenching of the excited states of Ru(II) and
Cr(III) as a function of the energy gap between the redox
products, the nature of the solution medium, and the tem-
_ perature; (2) the measurement of the acid-base properties
of the excited states of Ru(I)-tris-homo- and heteroleptic
complexes that contain 2,2'-bipyridine, 2,2’-bipyrazine,
and 2,2'-bipyrimidine; (3) the characterization of one-
electron reduced complexes; and (4) the photosensitized
initiation of polymerization and oxidation of phenol and
its derivatives.

$105,000

119. Photoinduced Electron Transfer in Or-
dered Polymers
Jones, G.
617-353-2498

Investigations involve systems capable of photochemical
electron transfer between donor and acceptor groups that
are bound to polymer or biopolymer (peptide) chains.
Objectives of the research include observation of photoin-
duced electron transfer for groups that are held in
proximity through covalent or electrostatic binding associ-
ated with polymer or peptide coils. Charge migration
among groups on structures such as short peptides and
along the axis of an a-helix is of special interest. The fac-
tors of medium, separation distance, and the nature of
through-space and through-bond pathways for “long-
range” electron transfer are under investigation. Systems
that have been prepared include (1) di- and tripeptides
with pyrene or xanthene dye chromophores attached at
one terminus and with modification by addition of an elec-
tron donor at the remote terminal amino acid residue; (2)
linked aryl systems that incorporate the acridinium ion
moiety and various electron donor groups held at fixed
distances and structurally enforced into twisted, but vari-
able geometries; and (3) complexes of cationic dyes and
polypeptide electrolytes such as glutamate. The latter
complexes give rise to large optical activities induced in
visible absorption bands that are a signature of long-
range order (large helical arrays consisting of dye

$105,000

chromophore stacks). Methods that are employed in these
studigs include picosecond and nanosecond resolution of
phototransients, flourescence probes of polymer (pep-
tide) microdomains, circular dichroism, and molecular
modeling. In these studies emphasis is placed on the op-
portunities provided by synthetic biopolymer systems for
design of molecular “scaffolds” and other features in
which photoactive groups are held in relatively rigid ar-
rays. The work is important to the understanding of
charge separation and transport in both natural and
biomimetic systems.

Brandeis University

Waltham, MA 02254

Department of Chemistry

120. Mechanistic Studies of Excited State
Chemical Reactions
Linschitz, H.
617-736-2506

$101,903

. This is a broadly based program, designed to clarify the

thermodynamic and kinetic factors controlling the effi-
ciency of energy-storing excited state redox reactions.
Rates and primary radical yields of triplet-quencher in-
teractions are studied in homogeneous solution using
laser flash photolysis with nanosecond resolution. Deter-
mination of reaction efficiencies (primary quantum yields)
requires evaluation of extinction coefficients of triplets
and radicals, using various actinometric techniques. Test
systems of interest are ketones, fullerenes, and in
particular, new porphyrin derivatives that exhibit charge-
transfer (quinoid) excited states, or form ion-paired
“dimers” analogous to structures found in plant photosyn-
thesis. Marcus theory is applied to quenching reactions of
simple inorganic anions, for which reorganization ener-
gies are derived from spectroscopic data. The results are
interpreted in terms of the extent of charge transfer (6e*)
in the excited transition state structure. For a large num-
ber of triplet—anion systems, Se* ="1 (electron) if 6G°r of
this quenching reaction is $0.2 V.-However, ée* decreases

as §G%cr increases further.

California Institute of Technology
Pasadena, CA 91125

Department of Chemistry

121, Picosecond Dynamic Studies of Electron
Transfer Rates at III-V Semlconduc-
tor/Liquid Interfaces
Lewis, N.S. $175,000
818-395-6335 (14 months)

Work in this laboratory is focused on elucidating the pro-
cesses involved in charge transfer in photoelectrochemical
solar cells. An understanding of these processes is impor-
tant in solar energy conversion devices, the study of
corrosion at semiconductor surfaces, and in further devel-
opment of the theories of electron transfer at solid-liquid
interfaces. The goal of this project is to use time-resolved
measurements to obtain the desired kinetic information
on these energy conversion systems. The semiconductor
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liquid junction is treated as a donor—acceptor system in
which charge transfer to an acceptor is probed by observ-
ing the time-resolved decay kinetics of the initial
photogenerated electron. In the specific case being studied
in this laboratory, the “donor” is an epitaxial layer of
GaAs, and the acceptor is the selenide ion in aqueous 1 M
KOH. Excess holes and electrons are created by a picosec-
ond light pulse and then recombine by various pathways,
including the one of primary interest—interfacial charge
transfer. The entire kinetic scheme is monitored by the
decay of light emission from the semiconductor. A
computer model is then used to extract values for the het-
erogeneous charge transfer rates. GaAs surfaces treated
with complexes of ruthenium, cobalt, and osmium have
been found to yield faster luminescence decay rates than
unmodified samples in contact with the same electrolyte.
This corresponds to faster charge transfer from the semi-
conductor to the redox species and in agreement with
earlier work done in this laboratory. Modeling work is
now being performed to more quantitatively describe
these results in terms of specific heterogeneous electron
transfer rate constants. While it might be expected that
these rates could also be obtained from measurements of
light-induced current decays, the effects of RC shaping on
these electrical signals must be considered. Work has been
completed on semiconductor liquid systems demonstrat-
ing that the form of these decays is not sensitive to the
interfacial kinetics, and can be adequately predicted from
equilibrium properties of the semiconductor and solution.

University of California, Berkeley
Berkeley, CA 94720

Department of Chemistry

122, Theoretical Studies of Electron Transfer
in Complex Media
Chandler, D.
510-643-6821 .

The structures, dynamics, and free energies of the transi-
tion states for the prototypical electron-transfer reactions
have been determined by computer simulation through
application of novel sampling procedures and analytical
methods. The research on these systems is concerned with
(1) algorithm development for simulating the quantal dy-
namics for evolution initiated at the transition states; (2)
derivation of analytical theories of solvation that will be
tested by the simulation results and used to explain mea-
sured free energies of activation for electron-transfer
reactions; and (3) derivation of simplified dynamical theo-
ries for quantum mechanical activated processes. These
dynamical theories will be used to interpret and guide
current simulation studies, and to suggest new experi-
mental work.

$79,998

University of California, Irvine
Irvine, CA 92717

Department. of Chemistry

123. Research in Chemical Kinetics
Rowland, F.S.
714-856-6016

This research is directed toward understanding the rates
and mechanisms of various chemical reactions, including
some of importance in the atmosphere or in the oceans.
Thermal and energetic reactions of radioactive T and 3¥Cl
atoms are studied with gaseous substrates. The addition
of thermalized *Cl atoms to CFy=CFBr is being studied
for comparison of the effects on internal energy redistri-
bution with C-F bonds (versus C-H bonds in
CH,=CHBr). Thermal **Cl atoms added to the terminal
olefinic position in Sn(CH=CHj); or As(CH=CH:); form
(CH;=CH),MCHCH,*Cl* radicals from which the *Cl
atom is able to escape on a time scale much too rapid for
consistency with RRKM intramolecular energy equilibra-
tion. Additional experiments on 2®Cl reactions with a
variety of polyvinyl compounds containing central atoms
ranging in mass from silicon to lead are being used to
characterize these non-RRKM energy transfer processes
more precisely. The reactions of thermal *Cl atoms with
hydrogen-substituted chlorofluorocarbon (HCFC) com-
pounds are used to determine the potential importance of
an atmospheric sink of stratospheric Cl atoms. The sub-
strate molecules for these reactions are primarily chosen
because of their general suitability as substitutes for the
CFC molecules in technological applications. Separation
procedures are being developed to provide purified 100
microgram quantities of carbonaceous atmospheric
molecules (CoHg, CsHg, OCS) suitable for *C determina-
tion with mass spectrometry. Theoretical calculations are
being made of the structures of moelcules such as C100Cl
which are of atmospheric interest.

$125,000

University of California, Los Angeles
Los Angeles, CA 90024

Department of Chemistry and Biochemistry

124. Time-Resolved Laser Studies on the Proton
Pump Mechanism of Bacteriorhodopsin
* El-Sayed, M.A. $135,000
310-825-1352

The conversion of solar energy into chemical energy in the
form of adenosine triphosphate (ATP) by the other photo-
synthetic system in nature, bacteriorhodopsin (bR),
involves five main steps: (1) solar energy deposition, (2)
separation of charges accomplished by isomerization, (3)
protein relaxation leading to deprotonation of the photo-
synthetic bacterium (PSB), (4) proton pumping leading to
proton gradients, and (5) electric to chemical energy
transformation by conversion of ADP into ATP by use of
the proton gradients. Studies in this project are concerned
with stegs 1 through 3. The importance of metal cations
(e.g., Ca®*) to the proton pump in bR is well-known, but
the mechanism of its involvement is not yet understood. If
the four metal cations are removed, observations show
that while isomerization and some protein conformation
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changes take place, the deprotonation step and thus the
proton-pumping function of bR, stop. Two possibilities
present themselves for the metal cation function: (1) a di-
rect interaction with the positively charged PSB during
step 3 above, leading to its deprotonation as a result of

electrostatic repulsion or (2) control of the protein confor- -

mation changes to change the environment of PSB in step
3 to make it more acidic. To differentiate between these
mechanisms, the binding sites of these metal cations need
to be located. A program is aimed at determining the
binding constants of the Ca®* at different binding sites for
native bR and for a number of its mutants in which func-
tionally important residues are genetically substituted by
neutral or nonhydrogen bonding ones. In this manner the
location of the different binding sites is identified.

University of California, Santa Bar-

bara
Santa Barbara, CA 93106

Department of Chemistry

125. Cyclometallated and Cyclometalsilylated
Complexes of Transition Elements as Pho-
toredox Sensitizers
Watts, R.dJ. $110,000
805-893-2032

Conversion of solar energy into chemical potential energy
by organometallic photosensitizers and photocatalysts is
being studied. The effects of metal-carbon and metal-
silicon bonds upon those excited state properties that
influence photosensitization and photocatalysis are a focal
point of the research. Ortho-metalation of metal centers
such as Ir(Ill), Rh(III) and Re(I) by ligands such as 2-
phenylpyridine results in complexes which are often
strong photoreducing agents. These absorb visible light
and convert a substantial fraction of the absorbed photon
energy into chemical potential to drive outer sphere elec-
tron transfer substrate reduction reactions. Chemical
modifications of these species are presently under study in
‘order to establish what structural features.are most influ-
ential in facilitating their use as strong, photoreductants.
Ligands that are capable of chelating metal centers
through a combination of N- and Si-coordination sites
 have been designed and prepared in order to study the use
of metal-silicon bonds to promote photochemical reduc-
tion of substrates. While the metal-silicon bond, like the
metal-carbon bond, serves to enhance electron density at
" the metal center and to facilitate photoreduction of sub-
strates, it is distinct in its tendency to kinetically labilize
under circumstances where the metal-carbon bond is rel-
atively inert. Current research includes the use of
laser-induced transient absorption spectroscopy in order
to characterize the excited state electron distributions and
initial photochemical events subsequent to pulsed excita-
tion of complexes in which N, Si-chelates are bonded to
the metal center. The research seeks to establish whether
or not metal-silicon bonds are cleaved by visible excita-
tion, and, if so, to determine the subsequent reactivity
with substrates and to establish if the metal-silicon bond
is once more formed to complete a photochemical reactiv-
ity cycle in which the initial complex is regenerated.

Clemson University
Clemson, SC 29634

Department of Chemistry

126. Intramolecular Energy- and Electron-
Transfer Reactions in Polymetallic
Complexes
Petersen, J.D.

803-656-5017

$84,329

. Research has centered around the use of multimetal com-

plexes to effect excited-state, energy- or electron-transfer

_ reactions in these systems. In the energy transfer area,

metal dihydride reactive fragments were coupled to
azineruthenium(II) or cyanoferrate(II) absorbing frag-
ments. Energetically, only Co(III) hydrido complexes have
reactive excited states low enough in energy to be use-
ful. With the Co(Il) dihydride complexes [e.g.,
(BL)Co(PPhEt;)o(H)2* (where BL is a chelating, aromatic,
azine bridging ligand)], synthetic difficulties have pre-
vented multimetal complex generation. A substituted
bis(dipyridylethane is used as a bridging ligand because
it mimics the only known stable, but nonbridging ligand
system, 2,2'-bipyridine. In the area of excited-state, elec-
tron transfer, the metal triad systems initially studied are
modified. Recent work using [(NC)4Fe"(BL)Ru“(tpy)(4,4'-

. bpy)Rh(bpy)2(MQ*)]**, where BL = 2,2 -bipyrimidine or

2,3-bis(2-pyridyl)pyrazine, tpy = 2,2':6',2-terpyridine,
4,4’-bpy = 4,4'-bipyridine, bpy = 2,2'-bipyridine, and MQ*
= N-methyl-4,4'-bipyridinium, utilized the Ru(II) center
as a light absorber, the Fe(II) center as an electron donor,
and the MQ* as an electron acceptor. Nanosecond spec-
troscopy shows quenching within 70 ns of excitation and
no transient absorption spectrum characteristic of MQ®.

. The best-conclusion is that the MQ" is not of sufficient po-
“tential to be reduced by the Ru(Il) excited state. Triad
systems are being prepared with two modifications. The
first-involves the modification of the electron acceptor to-
make it easier to reduce. The second involves the genera-
tion of a semiconducting Cu(Il) polymer chain to extend
the distance between the light absorber and the electron
acceptor. Hopefully, these modifications will enable gener-
ation of a sustained charge separation.

Colorado State University
Fort Collins, CO 80523

Department of Chemistry

127. Photoinduced Charge Separation in
Linked Donor-Acceptor-Chromophore Sys-
tems
Elliott, C.M.
303-491-5204

The work included in this study is directed at gaining a
better understanding of intramolecular electron transfer

$105,000

_ reactions. Molecular assemblies consisting of a photo-

excitable chromophore, an electron acceptor and/or an
electron donor comprise the central focus of this work. In
one part of the study the electron acceptors and donors
are each organic moieties attached by saturated, flexible :
alkyl linkages. These types of systems have several ad-
vantages. First, they are modular and thus easy to
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modify. In other words, the acceptor- and donor-
containing ligands are synthesized separately and used to
assemble the chromophores as a final step. Second, the
energetics of the electron transfer processes can be con-
trolled and varied in straightforward ways through the
ligand synthesis. Finally, the connectivity between the
various donors and acceptors can be controlled through
easy variations in the synthesis. A disadvantage of the
above systems is that the exact distance and conformation
at the instant of the electron transfer event cannot be
known. A series of triply bridged, rigid heterodinuclear
metal complexes has also been prepared where one metal
complex serves as the chromophore and the other serves
as the acceptor or donor. These complexes are potentially
excellent systems for probing the extent to which the
sigma bonding framework participates in electron trans-
fer in intramolecular assemblies.

128. In situ Scanning Tunneling Microscopy
Imaging of Dye Sensitization Processes at
Layered Chalcogenide Semiconductor
Electrodes
Parkinson, B.A.
303-491-0540

The research is directed towards a fundamental under-
standing of the dye sensitization of semiconductor
electrodes. Dye sensitization is an important process in
both solar energy conversion and in the photographic in-
dustry. Methods of increasing the efficiency of turning
incident photons into electrons are sought. One method
involves the use of two-dimensional semiconductors that
have defect-free surfaces such as SnS,. These atomically
flat surfaces also are ideal for scanning tunneling mi-
croscopy (STM). A modified STM method for detecting the
position and energy levels of dve molecules adsorbed on
these surfaces with molecular resolution is being devel-
oped. This is accomplished by modulating a light source at
the wavelength of the dye absorption maximum and
pulling out the photoinduced contribution to the tunneling
current. A simultaneous picture of photocurrent response
and topography is then obtained. Questions such as the
state of dye aggregation on the surface can then be an-
swered. Recently, methods for increasing the surface area
of SnS; photoelectrodes have been developed. By chemi-
cally etching or photoetching the surface, increases in the
quantum yield for electron flow per incident photon have
been obtained. New semiconductor substrates for sensiti-
zation experiments are also being developed.

$102,000

University of Colorado
Boulder, CO 80309

Department of Chemistry and Biochemistry

129. Reaction Kinetics and Product Distribu-
tion in Photoelectrochemical Cells
Kouval, C.A.

303-492-5564

Three processes associated with solar energy conversion
are being explored at semiconductor—electrolyte interfaces
and in membranes. The first process involves reactions of
nonthermalized, photogenerated minority carriers. “Hot”
electrons ejected from p-InP photocathodes can be ob-
served via their reduction of 1,2-dibromoethylbenzene

$97,000

(DBEB) to produce styrene and bromide ion. The forma-
tion of bromide ion can be monitored amperometrically in
a continuous fashion using a p-InP-platinum rotating
ring—disk electrode. These experiments demonstrate that
at highly doped p-InP electrodes, reduction of DBEB can
be very efficient (>>30%). Current research involves exten-
sion of these experiments to superlattice electrodes and
reduction of Fe(II)(cyclopentadienyl)(arene) complexes as
another redox system capable of observing hot carriers.
The second process under investigation is the kinetics of
electron transfer (ET) for thermalized majority carriers.
An electrochemical cell that uses only a drop of solution
has been developed for measuring rates of electron trans-
fer at interfaces between redox electrolytes and 2-D
semiconductors such as n-WSes. Despite the good diode
performance of these interfaces, the ET mechanism did
not conform to the bimolecular rate law suggested by the
standard theoretical models. The exchange current den-
sity was found to be independent of solution acceptors
even with a concentration range spanning six orders of
magnitude. The third process is photofacilitated mem-
brane transport, which explores the use of solar energy for
selective separation processes. Preliminary experiments
have shown that spiropyran dyes can be used to pump
metal ions uphill against their concentration gradients.

Columbia University
New York, NY 10027

Department of Chemistry

130. Charge Generation and Separation at
Liquid Interfaces
Eisenthal, K.B.
212-854-3175

The current research activities are directed towards set-
ting up a femtosecond second harmonic capability and a
picosecond sum frequency capability to study charged
molecules, neutral molecules, and charge exchange at lig-
uid interfaces. The femtosecond second harmonic system
at 625 nm will be operational shortly. In the sum fre-
quency experiments a visible picosecond pulse is mixed
with an IR picosecond pulse through their nonlinear inter-
action with interface molecules. By varying the IR
frequency, the vibrational spectra of the interfacial
molecules is obtained. The generation of sum frequency
light using 532 nm and an IR pulse has been applied to C-
D vibrations in alkyl compounds and -C=N vibrations of
nitriles at the air/water interface. For acetonitrile, the
peak at the air/water interface is at the same frequency as
in the bulk solution whereas the benzonitrile is blue
shifted with respect to both bulk neat benzonitrile and gas
phase benzonitrile. The origin of this presumed hydrogen
bonding induced blue shift is being investigated. The
orientational structure capability of sum frequency gener-
ation was demonstrated by polarization measurements of
the sum-frequency signal, which yielded a tilt angle of 34°
for the orientation of the benzonitrile long axis with re-
spect to the interface normal.

$115,000
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131. Theoretical Studies of Photoactive Molec-
ular Systems: Electron Transfer, Energy
Transport, and Optical Spectroscopy
Friesner, R.A. $109,544
212-854-2202

Three projects are currently being pursued. First, an em-
pirical pseudopotential method has been developed for
calculating bandgaps of semiconductor particles, which
yields results accurate to a 0.1 eV when compared to ex-
periment for CdS particles. Predictions have been made
- for GaAs and GaP particles, which include a turnaround
of the bandgap to the red at very small particle sizes. At-
tempts are made to calculate the absorption lineshape by
coupling the pseudopotential model to molecular dynam-
ics simulations. The second project involves the use of
Redfield relaxation theory to calculate electron-transfer
rates in bridged donor—acceptor systems. An efficient algo-
rithm has been developed so that large systems with
hundreds or thousands of quantum levels can be treated
via the Redfield equations. This is applied to generally
study the effects of intermediate levels and to understand
long-range electron transfer through DNA. Finally, devel-
opment continues on the electronic structure code that will
be used to calculate electron-transfer matrix elements.

Department of Electrical Engineering

132. Translational-Energy-Resolved Studies of
Photogenerated Carrier-Induced Reac-
tions on UHV Semiconductor Surfaces
Osgood, R.M., Jr. $50,000
212-854-4462 :

Photodissociation of Clz, CCly, and CH3Br on GaAs(110)
using time-of-flight (TOF), temperature programmed des-
orption (TPD), and photoluminescence (PL) in ultrahigh
vacuum (UHV) has revealed several photochemical pro-
cesses on semiconductor surfaces. Photodissociation of
CL; at UV wavelengths causes desorption of Cl atoms and
formation of AsCls. TOF at 351 nm shows direct absorp-
tion leads to photofragmentation: at 193 and 248 nm,
charge transfer between adjacent molecules initiates frag-
mentation. For CCl;, postirradiation TPD shows a
threshold coincident with the GaAs band gap. Thus, sub-
strate electron-hole pairs promote adsorbate dissociation.
This mechanism applies to CH3Br. TOF shows site-
specific CH3Br bond cleavage in the first layer, induced by
electrons at the conduction band minimum (CBM) or hot
electrons. Wavelength variation indicates a threshold at
the band gap in the first case and a 3.5 eV threshold in
the second. The CBM process exhibits self-quenching be-
havior due to electron recombination via Br-induced
states. This is confirmed by PL yield, which decreases
upon irradiation. Above one monolayer, CH3Br dissociates
by hot electrons or direct absorption. The direct absorp-
tion TOF signal depends on coverage for thick adlayers
because of optical interference between the incident laser
beam and its reflection.

Dartmouth College
Hanover, NH 03755

Department of Chemistry

133. Photoinduced Dipoles and Charge Pairs
" in Condensed Phase
Braun, C.L.
603-646-2500

The project objective is to understand photoionization in
liquids and solids comprised of organic molecules. One
goal is to understand the formation and recombination or

$100,000

. separation of hole—electron pairs formed by absorption of

visible photons in electron donor acceptor materials. Fast
current measurements are used to follow the separation of
the resulting holes and electrons (or ions). Exploration of
charge carrier separation at the interface between donor
and acceptor layers is under way. The fast photocurrent
measurements revealed that the dipole moments of ex-
cited molecules in solution could be measured with the
same techniques. The dipole moment technique (transient
photoinduced polarization) is being developed toward bet-
ter sensitivity and time resolution. In another system,
solute molecules dissolved in liquid hexane are photoion-
ized by two-photon absorption from a picosecond laser
pulse. The geminate electron—cation pairs that result
usually recombine on the picosecond time scale, but occa-
sionally they escape to form high-energy products. The
recombination kinetics depend sensitively on the radii of
the distribution of geminate pairs. Measurement of the
geminate pair distributions will prove useful to the under-
standing of condensed phase ionization whether by UV
photons or by ionizing radiation such as X-rays.

University of Houston
Houston, TX 77204

Department of Chemistry

134. Charge Separation in Photoredox Reac-
tions
Kevan, L.
713-743-3250

This research is directed toward an improved molecular
understanding of the structural aspects controlling charge
separation in photoredox reactions in organized molecular

$130,000

-assemblies such as micelles and vesicles. Photoionization

of alkylporphyrins, alkylphenothiazines and derivatives,
and alkyltrimethylbenzidines in frozen solutions of vesi-
cles, micelles, and reverse micelles to produce net charge
separation are being studied by electron spin resonance
and electron spin echo modulation spectroscopy. These in-
strumental techniques make possible the detection of the
local environment of the photoproduced radical cation
with respect to the vesicular structure. Current emphasis
is on location control of electron donors and electron ac-
ceptors relative to the assembly interface by attachment
of variable length alkyl chains and modification of the
interface with cosurfactants. In the last year a newly syn-
thesized series of alkyltrimethylbenzidines has been
initially studied and compared with comprehensive stud-
ies of alkylphenothiazines. Changes in location are
monitored by electron spin echo modulation spectroscopy.
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The photoionization efficiency is being assessed by elec-
tron spin resonance intensities. This work is leading to
better molecular structural control of photoinduced charge
. separation efficiency. .

Marquette University
Milwaukee, WI 53233

Department of Chemistry

135. Photophysical and Photoredox Studies of
Transition Metal Complexes and Zeolite-
Entrapped Assemblies
Kincaid, J.R.
414-288-3539

The general goals of this research program are to develop
a reliable interpretive framework for analysis of the reso-
nance Raman (RR) and time-resolved resonance Raman
(TR®) spectra of potential photosensitizers based on
transition-metal complexes of polypyridines and phtalo-
cyanines and related ligands and to apply these
techniques to elucidate the photophysical and photoredox
properties of such species both in solution and in various
organized assemblies. Most recent results indicate that
entrapment of tris-ligated ruthenium(IT) complexes within
the supercages of Y-zeolite not only eliminates photode-
composition processes that proceed through population of
ligand-field excited states, but also may destabilize
3metal-to-ligand charge transfer (MLCT) states thereby
increasing their lifetimes. Thus, current attention is being
focused on synthetic elaboration of such zeolite-entrapped
species and detailed elucidation of their photophysical and
photoredox behavior. In addition, several fundamental is-
sues involving the inherent photophysical properties of
members of these classes of compounds are being ad-
dressed. Thus, a series of complexes are being studied by
systematic synthetic manipulation of various factors that
dictate the relative importance of alternate decay path-
ways. Finally, previously documented position-dependent
deuteration effects on MLCT state lifetimes of Ru(bpy)s**
are being extended to a series of methylated bipyridines
wherein an inverse-deuterium effect has been observed
(ie., the lifetime of the deuteriated complex is shorter than
that of the natural abundance analogue). .

$102,000

Massachusetts Institute of Technology

Cambridge, MA 02139

Department of Chemistry

136. Photochemical Approaches to Conversion
of Light to Electricity or Fuel
Wrighton, M.S.

617-253-1597

The objective of this research is to design, synthesize,
. characterize, and demonstrate interfacial systems for the
conversion of light to electricity or chemical fuel. Areas to
be investigated include (1) semiconductor surface
chemistry (to improve efficiency and durability of photo-
conversion systems); (2) multicomponent redox molecules
(to mimic the essential functions of natural photosynthe-
sis of light absorption, charge separation, and charge

$240,000

<

transport); (3) surface modification reagents (to tailor the
properties of electrodes used:in photoconversion pro-
cesses); and (4) molecular materials as photoconductors
(to be fabricated into photoelectrodes). Unique surface
chemistry of semiconductors has led to efficient photocon-
version devices. Preliminary results show promising leads
in molecular approaches to photoconversion which theo-
retically will be no less efficient than semiconductor-based
devices. Molecular systems under study include donor-
chromophore-acceptor molecules such as covalently linked
ferrocene-porphyrin-viologen systems capable of being
linked to electrode surfaces.

University of Massachusetts at Boston
Boston, MA 02125

Department of Chemistry

137. Magnetic Resonance Studies of Photoin-
duced Electron Transfer Reactions in
Homogeneous and Heterogeneous Media
van Willigen, H. $100,000
617-287-6147 .

The project is concerned with the study of the factors that
affect the kinetics and efficiency of photoinduced electron
transfer reactions. Bhe formation and decay of electron
transfer products is monitored with time-resolved electron
paramagnetic resonance (TREPR) techniques. The time
evolution of the TREPR spectra not only reflects the kinet-
ics of free radical formation and decay, but also of spin
state dynamics because of chemically induced electron po-
larization (CIDEP) mechanisms. Spin polarization effects
are a valuable source of information on the mechanism of
the electron transfer process. For this reason, a major
focus of the work during the past year has been the devel-
opment of data analysis methodologies with which the
rates of photochemical processes and spin state evolution
can be extracted from the spectroscopic data. The photoin-
duced hydrogen abstraction reactions involving acetone
and 2-propanol or acetone and t-butylperoxide have been
used as model systems for tests of these methods. The
data analysis techniques have been applied in the study of
solvent and concentration effects on the photoinduced
electron transfer from (tetrasulfonated) Zn tetraphenyl-
porphyrin (ZnTPPS) to benzoquinone. Studies are being
performed of photoinduced electron transfer reactions in
heterogeneous media such as micelles and involving reac-
tants adsorbed in the pores of silica gels. In such systems
the unique spatial distribution of reactants and products
may promote forward electron transfer while inhibiting
the energy wasting back electron transfer process. Ongo-
ing work is concerned as well with the photoreduction of
Ceso by electron donors such as triarylamines and hydro-
quinone.
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University of Minnesota
Minneapolis, MN 55455

Department of Chemistry

138. Ultrafast Studies on Intermolecular
Electron Transfer in Contact and Solvent-
Separated Ion Pairs
Barbara, P.F.
612-625-0064

This research involves the novel application of femtosec-
ond and subpicosecond spectroscopy -to the study of the
early events in photoinduced intermolecular electron
transfer on well-defined model systems comprising two
reactants that are in contact. The transient optical spec-
troscopy of the contact charge transfer (CCT) bands is
studied to measure relaxation dynamics and electron
transfer kinetics. The approach is to prepare a nonequilib-
rium system by exciting the CCT band with an ultrashort
light pulse and then to measure the subsequent dynamical
evolution by an ultrashort probe pulse. By monitoring the
ultrafast photodynamics that are induced by excitation of
the CCT band, the dynamical evolution of the solvent and
spatial coordinates are studied as the system relaxes and
undergoes thermal electron transfer. During the first year
. of support the basic approach of this grant was applied to
study of the bromine benzene charge transfer complex.

$115,000

139. The Contribution of Electronically Ex-

' cited States to the Radiation Chemistry of
Organic Systems .
Lipsky, S.

612-624-9581

Studies are conducted on photophysmal properties of or-
ganic molecules that have relevance in determining their
behavior when subjected to high-energy radiation. Recent
work includes the following: (1) The fluorescence quan-
tum yields from neat saturated hydrocarbon liquids are
measured at excitation energies below and above their
ionization thresholds. Analysis of the energy dependence
of these yields provides a new technique for determining
photoionization efficiencies that is much less perturbative
than previous techniques. Additionally these studies have
provided a somewhat more detailed picture of the nature
of the ionizing transition in liquids and of the subsequent
electron plus positive ion recombination. (2) The effect of a
magnetic field on the geminate recombination of ion pairs
in neat liquid hydrocarbons at low temperature is mea-
sured. This study examines the kinetics of loss of spin
coherence in a well-defined single pair system. Such mea-
surements are useful in unraveling the behavior of more
complex, multiple-pair systems generated by high-energy
radiation. (3) An anomalously efficient energy transport
process involving a neat liquid hydrocarbon as donor and
an aromatic impurity as acceptor is measured. Although
the mechanism of the transport remains unknown, in-
volvement of an ion-pair state of the hydrocarbon appears
to be implicated.

$102,980
/

National Institute of Standards and
Technology, Gaithersburg
Gaithersburg, MD 20899

Chemical Kinetics and Thermodynamics D1v1-
sion

140. Pulse Radiolytic Studies of Electron
Transfer Processes and Applications to
Solar Photochemistry
Neta, P.

301-975-5635

The pulse radiolysis technique is applied to the study of
electron transfer processes in a variety of chemical sys-
tems. Reactive intermediates are produced in solution by
electron pulse irradiation and the kinetics of their
reactions are followed by time-resolved absorption spec-
trophotometry. These studies are concerned with
mechanisms, kinetics, and thermodynamics of reactions of
organic and inorganic radicals and unstable oxidation
states, in aqueous and nonaqueous solutions. The empha-
sis is on the unique ability of pulse radiolysis to provide
absolute rate constants for reactions of many inorganic
radicals and organic peroxyl radicals,. species that are key
intermediates in many chemical processes. Current mea-
surements focus on solvent effects on the rate constants
for reactions of these radicals, which are found to be very
substantial. These effects provide insight into the mecha-
nism and permit prediction of medium effects on similar
reactions. A special concern of this work is the study of
electron transfer reactions of metalloporphyrins, which
permit evaluation of these molecules as intermediates in
solar energy conversion. Metalloporphyrins react with
free radicals via electron transfer, involving the ligand or
the metal center, or via bonding to the metal, leading to a
variety of chemical species whose behavior is also investi-
gated.

$200,000

University of New Orleans
New Orleans, LA 70148

Department of Chemistry

141. Electronic and Nuclear Factors in In-
tramolecular Charge and Excitation

Transfer
Piotrowiak, P. $98,000
504-286-6840 (15 months)

These investigations focus primarily on the influence of
two factors on the efficiency of the photoexcited charge
separation and/or excitation transfer processes: 1, the ef-
fect of the relative symmetry of the molecular orbitals of
the donor, the bridging unit, and the acceptor and 2, the
importance of the medium reorganization, with a particu-
lar emphasis on ionic association. In -area 1, during the
first project year a large number of rigid model systems
with very well controlled dihedral angles between the
donor and acceptor units was prepared. Currently, a vari-
ety of spectroscopic measurements on these molecules is
being performed, both at this laboratory, as well as in col-
laboration. The electronic interactions in excited singlet
state, triplet state, radical cations, and radical anions of
the parent molecules are being investigated. Of particular
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interest are at this'stage the results of the high-resolution
fluorescence and double-photon ionization molecular beam
studies on bifluorenes. In addition to geometry effects, the
influence of weak degeneracy breaking (e.g., as a result of
selective isotope substitution or cluster formation with
“solvent” moieties) is being studied in a systematic
manner. In area 2, the synthetic work towards donor—
bridge—acceptor systems with tethered permanent counter
ions is in progress. Also, the nanosecond time-resolved mi-
crowave conductivity apparatus, which will be used in
charge separation studies, has been assembled. The
donor—acceptor compounds necessary for the measure-
ments of time-resolved depolarization of microwave
conductivity have been prepared.

University of North Carolina at
Chapel Hill
Chapel Hill, NC 27599

Department of Chemistry

142. Excited State Processes in Transition
Metal Complexes. Redox Splitting in Solu-
ble Polymers
Meyer, T.J.
919-962-6319

In conjunction with the derivatization of soluble polymers,
polypyridyl complexes of Ru(II), Os(II), and Re(I) are being
investigated for applications in energy conversion pro-
cesses at the molecular level. Based on the photochemical
and photophysical properties of these complexes, patterns
of behavior are emerging that allow excited state stabili-
ties and lifetimes to be predicted and controlled by making
synthetic changes. By utilizing transient laser techniques
and emission and resonance Raman spectroscopies, the
roles of electronic structure, molecular vibrations, and the
medium on properties and lifetimes are also being investi-
gated systematically. The results of these studies are
leading to new classes of chromophores which absorb light
broadly throughout the near-UV/visible and have excited
states that are stable and relatively long-lived. Synthetic
methods have been developed for attaching derivatives of
these complexes to soluble polymers along with organic
units that can act as electron or energy transfer donors or
acceptors. Photophysical studies on the resulting complex
molecular assemblies show that polymers can be designed
in which photoinduced electron or energy transfer events
can be initiated and controlled on single polymeric
strands. New derivatized polymers are being designed
and synthesized that will mimic the light-harvesting, elec-
tron transfer abilities of the reaction center of
photosynthesis. When combined with fast transient mea-
surements following laser excitation, these materials are
providing a basis for exploring long-range electron and en-
ergy transfer on individual polymeric strands.

$145,000

University of North Carolina at Char-
lotte
Charlotte, NC 28223

Department of Chemistry

143. Mixed-Metal, Multielectron Photocatalysts
for Solar Energy Conversion
Rillema, D.P.

704-547-4445

The design and synthesis of potential solar energy photo-
catalysts is the focus of the investigation. Two rhenium(I)
tricarbonyl systems have been studied in detail. One
study consisted of examining the photophysical properties
of complexes of the type [Re(L-L)CO)3pyl*, where L-L is
1,10-phenanthroline and phenanthroline derivatives con-
taining methyl or phenyl groups, and py is pyridine. All
the complexes were highly emissive at room temperature
in solution or at 77 K in a glass. The emission maxima
ranged from 510 to 548 nm, emission lifetimes were on the
order of microseconds at room temperature (3-12 us), and
emission quantum yields were high (0.17 to 0.29). Results
from the photophysical measurements performed at low
temperature indicated the presence of two unequilibrated
emitting states, a *®MLCT and ’LC state. The second study
consisted of examining the photophysical properties
of charge separation in [Re(bpm)(CO)3(MeQ")** and
[Re(bpm X CO)3(py-PTZ)]*, where bpm is 2,2'-bipyrimidine,
MeQ* is N-methyl-4,4'-bipyridinium ion, and py-PTZ is
10-(4-picolyl)phenothiazine, and comparing them to simi-
lar properties found in [Re(bpm)CO)3pyl*. The emission
intensity was similar in the MeQ* and py derivatives, but
was quenched in the py-PTZ complex. This quenching was
probed by transient absorption spectroscopy and resulted
in observing the growth and decay of the charge separated
transient, [Re(bpm™XCO)s(py-PTZ*)]*. The growth oc-
curred within 900 ps, and its decay, attributed to back
ele7ctroln transfer occurred with a rate constant of 5.5 x
10" s7°.

$114,000

Northwestern University
Evanston, IL 60208

Department of Chemistry

144. Dynamic Structural Effects and Ultrafast
Bimolecular Kinetics in Photoinduced
" Charge Transfer Reactions
‘Hupp, J.T.
708-491-3504

This project involves 1, time-dependent scattering studies

$130,000

. of vibrational structural changes accompanying chemi-

cally important photoredox processes; 2, collaborative

.studies of femtosecond charge-transfer kinetics in fully vi-

brationally characterized systems; 3, flow and laser
studies of somewhat slower electron transfér in thermody-
namically well-defined, ligand-bridged redox systems; and
4, resonant vibrational characterization of delocalized in-
tervalence transitions. The combination of 2 and 3 has
now yielded data that spans more than 11 orders of mag-
nitude in intramolecular electron transfer (ET) reaction
rate. Current experiments at the rate extremes (i.e., ultra-
fast and moderately slow) are yielding important new
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information concerning the role of solvent, including (1)
decoupling of ultrafast, adiabatic ET from the conven-
tional dynamics of solvent motion, conversely and (2)
tremendous attenuation of slower ET kinetics by an un-
precedented solvent gating mechanism. New results from
area 4 have led to experimental confirmation of the so-
called 3-state model of valence delocalization developed by
several theoretical groups over the past 11 years.

145. Vibrational Dynamics in Photoinduced
Electron Transfer
Spears, K.G.
708-491-3095

Both theory and experiment suggest that molecular vibra-
tions and distortions are important controlling elements
for electron transfer. The objective of this project is to
make direct measurements of vibrational motions imme-
diately after the electron transfer. The experimental
results will be important for theoretical tests of electron
transfer models where, previously, estimated effects due
to vibrational motion were inferred indirectly. A new
~method of picosecond IR absorption spectroscopy will be
used to monitor electron transfer kinetics. Intramolecular
electron transfers will be studied with porphyrins rigidly
linked to electron acceptors, where electron transfer is ini-
tiated by optical excitation of the porphyrin. Direct charge
transfer excitation of solvent caged, contact ion pairs, will
also be investigated. A transient IR spectroscopy system
will be modified to give 2-3 ps pulse durations. Com-
pounds are being synthesized for study of electron
- transfer in inorganic charge transfer complexes.

$97,284

Ohio State University
Columbus, OH 43210

Department of Chemistry

146. Photochemistry in Constrained Spaces:
Zeolites and Layered Double Metal Hy-
droxides
Dutta, P.K.
614-292-4532

Photochemistry in constrained heterogeneous medium of-
fers opportunities for stabilizing photodriven redox
products that cannot be readily stabilized in homogeneous
solution. Toward that goal, the interior cages of zeolites
and the lipid-like interior of a layered double metal
hydroxide are being explored as possible sites for photo-
chemical reactions. Intrazeolitic photoelectron transfer
reactions between Ru(bpy)s®* and methylviologen in
neighboring cages are being examined. The interesting
aspect of these reactions has been the discovery of a path-
way that leads to long-term stabilization of the redox
products. The photochemical efficiency of this process is
greatly enhanced by assembling a trimolecular redox sys-
tem in which the electron transfer is observed from the
photoexcited zeolite entrapped Ru(bpy)s®* to a neutral vio-
logen in solution via an intrazeolite viologen electron
relay. Optimum charge separation is observed if the
reduction potentials of the trimolecular system have cor-
respondingly higher values. Influence of zeolite particle
size on the efficiency as well as access to the hole
(Ru(bpy)s**) is being actively pursued. Layered metal

$100,000

hydroxides have been used as a host to construct mem-
branes, which exhibit novel structural and dynamic
features. Incorporation of porphyrin and pyrene photosen-
sitizer molecules in the membrane and their photoredox
properties are being explored.

Pennsylvania State University, Uni-
versity Park

-University Park, PA 16802

Department of Chemistry

147. Electron Transfer Reactions in Micro-

porous Solids
Mallouk, T.E.
814-865-6553

This project uses zeolitic materials (aluminosilicate zeo-
lites and clays, and layered and tunnel structure oxide
semiconductors) as organizing media for artificial photo-
synthetic systems. The solid host lattice allows one to
assemble multicomponent electron transfer systems
through a combination of ion-exchange and size-exclusion
effects. By selectively depositing catalyst particles, such
as elemental platinum, inside the host solid, it is possible
to achieve permanent light-induced charge separation in
the form of hydrogen and an oxidized electron donor
molecule. Using this strategy, visible light-driven photoly-
sis of hydrogen iodide has been demonstrated with the
sensitized layered semiconductor KsNbgO); and related
materials. At present the efficiency of this process is low
because charge recombination at the semiconductor-
solution interface competes effectively with tunneling of
electrons perpendicular to the layers, which is required
for hydrogen evolution at the internally sited catalyst par-
ticles. Electron transfer systems in which the host solid is
a nonelectroactive aluminosilicate (zeolites and clays) are
also being studled In this case a photosensitizer (typically
a Ru(bpy)s?* derivative) is present at the solid-solution
interface, and other electroactive components (molecular
electron donors and acceptors, and oxide semiconductor
clusters), are sited inside and/or outside of the host. Using
this strategy three- and four-component systems can be
prepared, and charge-separated-state lifetimes on the or-
der of hundreds of microseconds are readily achieved. The
factors that control self-assembly, charge separation, and
recombination in these systems are currently being stud-
ied.

$165,107

148. Polar Solvation and Electron Transfer
Maroncelli, M. $105,000
814-865-0898

The focus of this project is on understanding how polar
solvents influence electron and other charge transfer reac-
tions in solution. Of special interest are dynamical aspects
of the solvation process and the role that such dynamics
play in determining charge transfer rates. A number of re- .
cent theories have predicted a proportionality between the
rate of electron transfer and solvent reorganization rates.
Time-resolved fluorescence studies on simple intramolecu-
lar charge transfer reactions are used to explore this
connection. An important part of the work currently in
progress also involves obtaining a prerequisite under-
standing of the .dynamics of solvation in nonreactive
systems. Results obtained to date indicate that the time
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scales of solvation in polar liquids are poorly predicted by
simple continuum models of solvation. But it is just such
models that have been used to theoretically study the con-
nection between solvation and electron transfer. In order
to build a more adequate understanding of charge trans-
fer in solution it is first necessary to better understand
and model the dynamics of solvation in simple, nonreac-
tive situations. Time-resolved experiments and molecular
dynamics computer simulations are being used to probe
the dynamics of solvation in a variety of solvents and sol-
vent mixtures. The goal of this work is to develop and test
simple models of the static and dynamic aspects of polar
solvation of relevance to the solvent-reaction coupling.

University of ]Pitfsburgh
Pittsburgh, PA 15260

Department of Chemistry

149. Time-Resolved Optical Studies of Charge
Relaxation and Charge Transfer at Elec-
trode Interfaces
Waldeck, D.H.
412-624-8430

The aim of this project is to develop a quantitative under-
standing of the kinetics of photogenerated carriers in
semiconductor electrodes and at the semiconductor—
electrolyte interface. Previous studies elucidated the
important features that are needed in a quantitative de-
scription of the carrier dynamics and relaxation. Recent
efforts have developed a perturbative model that includes
effects from “bimolecular” recombination, and it was
shown experimentally that time-resolved fluorescence can
study the carrier dynamics in the low-injection regime as
well as the high-injection regime. Present efforts are
aimed at including the space charge potential in the treat-
ment of the carrier motion explicitly. Chemical
derivatization of the interface is used to gain a measure of
control over the energetics of the surface and to modify
the recombination pathways at the interface. Recent
studies have shown that silane compounds modify the re-
combination rate significantly, but have little effect on the
electrical properties of the interface. Present studies are
aimed at preparing better defined interfaces so that im-
portant features of the relaxation can be evaluated
quantitatively.

$120,000

Portland State University
Portland, OR 97207 .

Department of Chémistry '

150. Asymmetric Polymeric Porphyrin Films
for Solar Energy Conversion
" Wamser, C.C. .
503-725-4261

This project involves the synthesis and characterization of
novel thin-film polymer membranes made from por-
phyrins. The polymer films are prepared by interfacial
polymerization of a pair of reactive monomers, for example
from tetra(p-hydroxyphenyl)porphyrin (THPP) in aqueous

$110,000

base with tetra(p-chlorocarbonylphenyl)porphyrin (TC-
CPP) in chloroform. Typical film thicknesses are in the
range of 0.01 to 10 micrometers depending on the particu-
lar monomers and reaction conditions. The films display a
unique chemical asymmetry, in the sense that opposite
surfaces of the films show distinctive differences in the
concentration and type of functional groups that are
present. When placed between semitransparent electrodes
and irradiated with either steady-state broad-band light
or a pulsed laser, these films develop directional photopo-
tentials of up to 250 mV. The directional photopotentials
are considered to be a manifestation of the chemical asym-
metry of these interfacial films, that is, photoinduced
charge separation involves electron transfer in the direc-
tion that corresponds to the predicted trends of oxidation
and reduction potentials of the various porphyrins within

“the polymer film. The major goals of the current research

are (1) characterization of the structural asymmetry of the
films and its correlation with the photoactivity and (2) op-
timization and control of the asymmetric photoactivity.

University of Rochester
Rochester, NY 14627

Department of Chemistry

151. Photochemistry of Dithiolate Complexes of
the Platinum Group Elements
Eisenberg, R.

716-275-5573

Emissive complexes of the platinum group elements are
under investigation in the context of light to chemical en-
ergy conversion. The specific systems being studied are
four-coordinate dithiolate complexes of PT(II) containing
either a chelating diimine, diolefin, or diphosphine ligand
or bis(tertiary phosphine) ligands. All of the complexes
emit in rigid media at 77 K while the diimine derivatives
show the unusual property of solution luminescence. The
diimine dithiolate systems also exhibit an intense
solvatochromic band that has been assigned through spec-
troscopic studies to be a metal modified interligand charge
transfer. Photophysical measurements on one set of di-
imine dithiolate complexes including emission quantum
yield and lifetime determinations as a function of temper-

$120,000

- ature have established the presence of multiple emitting

states in those systems. However, other diimine deriva-
tives in which the dithiolate is maleonitriledithiolate have
been found to have only a single emitting state although
the emission is highly structured. For all of the dithiolate
complexes that do hot contain a diimine ligand, the 77-K
emission is assigned to a metal-to-ligand charge transfer
state involving the dithiolate ligand. During the past year,
electron transfer quenching studies of the emission from
Pt(diimine)ecda) systems (ecda = ethyl-2-cyano-3,3-
dithiolatoacrylate) have been performed and have led to
an estimate of the excited state reduction potential of
~1.0 v for these complexes. New dianionic bis(dithiolate)
complexes have been prepared and are found to emit
brightly in rigid media at 77 K. The complex Pt(ecda),®~
also undergoes photooxidation in the presence of halocar-
bons .while Pt(qdt);>~ (qdt = quinoxalinedithiolate)
exhibits considerable sensitivity to pH in both absorption
and emission bands. Other d® square planar complexes
have also been synthesized and their optical properties
and photochemistry are under examination.
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152, Ultrafast Optical Studies of Surface
Reaction Processes at Semiconductor In-
terfaces
Miller, R.J.D.
716-275-4079

The rectifying properties of semiconductor liquid junctions
make these systems among the simplest and most efficient
systems for converting and storing optical energy in the
form of interfacial charge separation. However, the pri-
mary events of interfacial electron or hole carrier transfer
and competing nonradiative (energy loss) channels are not
well understood at surfaces. This research has explored
the use of three novel optical techniques, surface space
charge electro-optic sampling, surface-restricted transient
grating spectroscopy, and femtosecond optical Kerr spec-
troscopy (OKE) to obtain the time evolution of the surface
spatial distribution of photogenerated charge carriers, the
photocarrier population dynamics at semiconductor inter-
faces, and the solvent modes responsible for charge
localization and separation, respectively. These studies
have shown that carriers arrive at GaAs(100) surfaces on
the 100-femtosecond (fs) time scale. Improvements in time
resolution, using surface grating spectroscopy, have
shown interfacial hole transfer is occurring on the picosec-
ond time scale. The OKE approach to solvent dynamics
has determined the response of water to a field is multiex-
ponential with a major relaxation component of 100 fs.
The observed interfacial hole transfer to Se™2 acceptors is
occurring on this same time scale. This observation illus-
trates charge transfer processes can occur in the strong
electronic coupling limit and can be competitive with car-
rier thermalization. These results demonstrate that it is
possible to specifically engineer interfaces to maximize en-
ergy conversion efficiencies by minimizing energy loss
through carrier thermalization. The carrier thermaliza-
tion dynamics at specific interfaces remain to be conducted
to determine the overall potential gains in efficiency.

$95,000

153. Photoinduced Electron Transfer Processes
in Homogeneous and Microheterogeneous
Solutions :

Whitten, D.G.
716-275-1858

These investigations are focused on light-induced redox
reactions in solution that can lead to efficient and poten-
tially useful net chemical reactions. Most of these
processes are initiated by single-electron-transfer quench-
ing of an excited state followed by subsequent steps often
involving cooperative reactions between ion radicals
formed in the quenching step. The studies have used visi-
ble and near UV light-absorbing donors and acceptors; in
most cases the fragmentable electron donors and accep-
tors, which react with these excited molecules, do not
" absorb light in the near UV or visible, and thus have no
long wavelength photochemistry in the absence of the ex-
cited partner molecule. The fragmentable donors used are
molecules that typically have at least one heteroatom
functionality (amine, alcohol or thiol), which is the site of
the single-electron transfer oxidation by the excited accep-
tor. The fragmentable acceptors used are benzylic halides
or ethers that have strongly electron-drawing groups on
the aromatic ring. Very rapid fragmentation reactions
were observed in a number of cases following single-
electron transfer quenching of the excited state. Studies of
the rate and mechanisms of these reactions are:providing

$132,000

a paradigm for understanding ion-radical fragmentation
reactions.” A number of cases are being examined where -
single-electron transfer quenching of an excited state can
culminate in net two-electron redox reactions to give
metastable and potentially recyclable products. Alto-
gether these studies are focusing on both reversible and
irreversible two-electron redox reactions that occur as a
consequence of single-electron-transfer quenching of an
excited state.

Rutgers, The State University of New
Jersey

- Piscataway, NJ 08855

Department of Chemistry

154. Intramolecular Electron Transfer Across
Synthetic Peptides: Effects of Structural
Constraints, Secondary Structure, and Po-
larizable Side Chains
Isied, S.S.

908-932-3764

This research involves the study of long-range intramolec-
ular electron transfer reactions across constrained
polypeptides and those that possess secondary structures.
Examples of such peptides are oligoproline derivatives, al-
pha helices, and cyclic peptides. Donor acceptor metal ions
are attached at the N and C terminals and the side chains
of these polypeptides and the intramolecular electron
transfer reactions are studied using pulse radiolysis and
flash photolysis techniques. Some of the most recent
results to date from this research indicate that in-
tramolecular electron transfer across 40A occurs with a
time constant of 100 microseconds across nine proline
residues. This distance is equivalent to the diameter of a
small protein. The studies with these model compounds
are expected to lead to a better understanding of the path-
ways employed by electron transfer proteins.

$90,000

Stanford University
Stanford, CA 94305

Department of Chemistry

155. Energy Transfer Processes in Solar En-
ergy Conversion
Fayer, M.D.
415-723-4446

The main objectives of this research program are (1) the
understanding of electronic excitation energy transport
and (2) electron transfer in artificial systems. The experi-
mental and theoretical research in this project is focusing-
on complex systems of chromophores, such as chro-
mophores in micelles. and chromophores attached. to
polymer back bones, or chromophores in systems with en-
ergy disorder. By clustering chromophores in micelle or
polymer systems, the efficiency of energy transport can be
greatly increased. However, in-complex systems the dy-
namics become intricate. New detailed experiments along
with sophisticated theory are being utilized to understand
such systems. Following photoinduced. electron. transfer
from a donor to an acceptor, highly reactive radical‘ions
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are generated. However, electron back transfer (geminate
. recombination) can destroy the ions before they can go on

_to do useful chemistry. In liquid solutions, there is a com-
petition between geminate recombination and separation
of the ions by diffusion. In this project a combination of ex-
periments and statistical mechanical theory is being used
to understand and influence forward and back electron
transfer, processes. In the two areas, excitation energy
transfer and electron transfer, the time scales for the
important events are very short. Therefore, psec experi-
ments have been developed and continue to be developed
to provide direct probes of the important dynamics.

University of Tennessee at Knoxville
Knoxville, TN 37996

Department of Chemistry

156. Studies of Radiation-Produced Radicals
and Radical Ions
Williams, T.F.
615-974-3468

The objective is to characterize the structure and reactiv-
ity of organic free-radical and radical-ion intermediates
generated by irradiation of molecular systems. A particu-
lar focus is the study of the radical ions that are generated
in the primary chemical processes resulting from the ab-
sorption of high-energy radiation, since these charged
species play an important role in the mechanisms of both
radiation and photochemical effects. Radical cations are
formed radiolytically under matrix-isolation conditions by
~-irradiation of solid solutions of the parent compounds in
Freon matrices at low temperatures. Conversely, radi-
olytic reduction can be accomplished in hydrocarbon and
other organic matrices where the positive hole is trapped
and the electron can migrate to a solute molecule.
Electron spin resonance and electronic absorption spec-
troscopy are used to characterize these paramagnetic
species; measurements of g factors and hyperfine coupling
constants on isotopically labeled and diastereomeric radi-
cals reveal information about molecular geometry and
spin density distribution. Specific projects include (1)
structural aspects of novel species, (2) ion-molecule reac-
tions and rearrangements, (3) photochemistry of radical
ions, and (4) structure-reactivity relations.

Universit& of Texas at Austin
Austin, TX 78712

Department of Chemistry and Biochemistry

157. Vectorial Electron Transfer in Spatially
Ordered Arrays
Fox, M.A.
512-471-1811

Mechanisms of photocatalytic oxidation and reduction re-
actions of organic adsorbates on native and chemically
modified semiconductor surfaces can be altered by modify-
ing the chemical bonds on the surfaces. Organometallic
coordination polymers and organic dyes are being tested
as relays for multiple electron transfer. Electrodes modi-
fied for electrocatalytic studies are.being prepared by

$160,000

$125,000 .

anchoring the specifically designed electrocatalysts by
covalent binding, electrosorption, and chemisorption of re-
dox active polymer layers. Spatially controlled monolayer
and bilayer coatings can attain electrical rectification in
those photoelectrochemical cells. Polymers (homopolymers
and block copolymers) are being synthesized as vehicles
for efficient light collection and vectorial energy migration.

158. Photoredox Processes at Polymer-Water
Interfaces
Webber, S.E.
512-471-3633

The overall motivation of this research project is to exam-
ine polymer-bound or polymer-associated chromophores
for transduction of photon energy via photoredox
reactions. Earlier work examined these reactions for chro-
mophores bound to polyelectrolytes or polyacids in
aqueous solution. For the singlet state it is essential for
the polymer to partially protect the excited state chro-
mophore from the quenching species to a degree that
quenching does occur but that no “ion-pair complex” forms.
These polyacids can adsorb onto the hydrophobic surface
of commercial polystyrene microspheres (polysciences) in
such a way that the anthryl groups appear to be partially
protected from the aqueous phase. Both the singlet and
triplet state of the anthracene can be quenched by a zwit-
terionic viologen (SPV) with the efficient production of ion
pairs at any pH. This result is especially noteworthy for
the singlet state because it contrasts sharply with the re-
sults obtained with the same polymer in homogeneous
solution. The yield of ion pairs per quenching event is very
good (> 0.3, depending on spin state and pH) and the life-
times are longer than milliseconds (no decay is observed
in 1 ms). Block polymers and grafted alternating polymers
containing chromophores have been studied at polymer
film interfaces using photophysical methods. The latter
polymer type has been found to act as a emulsifier for an
emulsion polymerization, which produces microspheres
similar to those described above except that the micro-
sphere is intrinsically photoactive.

$115,000

Tulane University
New Orleans, LA 70118

Department of Chemistry

159. Photoinduced Energy Transfer in Transi-
tion Metal Complex Oligomers
Schmehl, R.H. $165,000
504-865-5573 - (15 months)

This research involves the synthesis and spectroscopic
examination of polymeric transition metal complex sensi-
tizers that exhibit vectorial energy transfer to one
terminus of the polymer. The polymers are prepared from
bridging ligands having two covalently linked 2,2'-
bipyridyl (bpy) chelates (bpy-R-bpy). Each metal center of
the polymer contains two bis-bipyridine ligands and a
third bidentate chelating ligand that serves to tune the
electronic properties of the metal (the repeating unit for a
homopolymer is [(bpy-R-bpy)ML(bpy-R-bpy)ML]). Syn-
thetic methods were developed for the preparation of
bis-bipyridines having a variety of R moieties, and recent
efforts have focused on preparing a ligand with a phenyl
bridge (bpy-ph-bpy). In addition, complexes have been
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prepared in which two metal centers with different tuning
ligands are linked together: [LoM;(bpy-ph-bpy)M:L’:]
where M = Os, Re, Ru, and L = bpy, 4,4'-dicarboxyester-
2,2'-bipyridine, 2,2'-biquinoline, and so forth. In most
complexes of the series excitation of metal-to-ligand
charge transfer (MLCT) transitions on the metal center
with the higher energy MLCT state results in rapid en-
ergy transfer to charge transfer states on the other metal
center. The influence of the excited-state energy gap and
donor excited-state localization on energy migration be-
tween the metal centers can be examined with this series.
Transient absorption spectra of complexes having bpy-ph-
bpy as bridging ligand indicate that the lowest energy
excited state of the complex is MLCT in nature and does
not involve bridging ligand localized states; complexes of
other closely related bridging ligands clearly exhibit exci-
tation energy trapping on the bridging ligand.

Washington State University
Pullman, WA 99164

Department of Chemistry

160. Investigations of Charge-Separation Pro-
cesses in Metal Complexes
Crosby, G.A. :
509-335-5605

The research is focused on the nature of the interactions
between near-degenerate excited states of disparate or-
bital origins in metal complexes. The intent is to identify
the molecular determinants of the barriers and their rela-
tionship to the electronic states coupled through the
barriers. Types of near-degenerate excited states under in-
vestigation are metal-to-ligand charge transfer (MLCT)
states, n—n" excited states, ligand-field (LF)_states and
ligand-to-ligand charge transfer (LLCT) excited states.
Concommitant investigations are under way to measure
the zero-field splittings of the triplet manifolds by means
of Optically Detected Magnetic Resonance and to relate
the parameters of the sublevels to the nature of the inter-
acting states. Species under investigation are of the
generic formulas [Rh(NN);}**, Re(D(NNXCO)Cl, and
Pt(NN)SS), where NN = nitrogen heterocycle, SS = coor-
dinated thiol. The ultimate goal of the research is to
arrive at a degree of understanding of these systems such
that new complexes containing excited states with exten-
sive charge separation can be designed and synthesized
for use in solar energy harvesters.

$94,992

Wayne State University
Detroit, MI 48202

Department of Chemistry

161. Photoinduced Charge and Energy Trans-
fer Processes in Molecular Aggregates
Endicott, J.F. $120,000
313-577-2607

The major goals of this research project involve the sys-
tematic investigation of models that describe various
aspects of the photoinduced transfer of charge, or the
migration of energy between donor "and acceptor

transition-metal complexes. Research involves the design
and synthesis of molecular systems to be used as mecha- -
nistic probes and the characterization of photochemical
transients using very sensitive detection techniques. Work
in progress varies from studies of the general problem of
electronic coupling in donor-acceptor systems to specific
problems relating to the pathways for intermolecular
energy transfer of the lowest energy excited state of chro-
mium(III). Considerable electronic coupling of donor and
acceptor seems to be an important characteristic of
polynuclear transition-metal complexes with CN~ bridg-
ing groups, and the effects of this coupling are manifested
in excited-state electron-transfer rates, ground-state spec-
troscopic behavior, and electrochemical behavior. In
complexes for which the donor excited state is (3CT)
Ru(bpy).?* and the acceptor is a covalently linked metal
complex, the donor and acceptor centers usually behave
reasonably independently, and comparable electronic
coupling parameters are obtained from the different ex-
perimental studies. An exception seems to occur in
complexes containing the Ru'-CN-Ru' moiety. Electro-
chemical and kinetic data imply that electronic coupling is

+ 50 strong in these systems that they cannot be described

by simple perturbational models. Ru~-CN-Co systems
seem to be much better behaved. Systems with electron
transfer, Co(II) or Ru(IIl) acceptors, and the same linker
vary in their back-electron-transfer rates by several orders
of magnitude. Back electron transfer involving quartet
cobalt(I) centers appears to be electronically forbidden,
with an electronic retardation factor of about 10~3.

Chemical Physics

Aerospace Corporation
Los Angeles, CA 90009 .

Space and Environment Technology Center

162, A Shock Tube Study of the Reactions of
Hydroxyl Radicals with Combustion
Species
Cohen, N.; Koffend, J.B.
310-336-7427

The project objective is to measure the rate coefficients for

$83,079

_ reactions of OH radicals necessary for understanding and

predicting hydrocarbon combustion. The experiments are
being performed in a shock tube at combustion tempera-
tures near 1200 K and near atmospheric pressure.
Transition state theory (TST) calculations have been car-
ried out to relate the measurements to other data at lower
temperatures so that reliable temperature dependences of
the rate coefficients under study can be established. The
calculations also assist in the formulation of semiempiri-
cal rules for predicting the rate coefficients of species for
which data are not available. Experimental measure-
ments of rate coefficients for reactions of OH radicals with
hydrogen, methane, ethane, propane, 2,3-dimethylbutane,
neopentane, isobutane, isooctane, cyclopentane, ethylene,
acetylene, acetone, formaldehyde, methanol, and ethanol
have been completed. For most of these, TST calculations
have been made. The reaction of OH with methyl radicals

- has also been measured and compared to other studies to
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assess the relative importance of different possible reac-
tion channels.

University of Akron
Akron, OH 44325

Department of Chemistry

163. Molecular Eigenstate Spectroscopy: Appli-
cation to the Intramolecular Dynamics of
Some Polyatomic Molecules in the 3000 to
7000 cm~! Region
Perry, D.S.
216-375-6825

An IR double resonance spectroscopic technique is being
developed that can be applied at high resolution in a free
jet. The precision offered by two frequency dimensions,
each with sub-Doppler resolution, combines with spectral
simplification at low temperatures to make it possible to
study very complex IR spectra in unprecedented detail.
This methodology, together with companion single
resonance studies, provides an incisive probe of the mech-
anisms responsible for the redistribution of vibrational
and rotational energy within individual molecules. The
molecules, propyne, 1-butyne, and ethanol, show qualita-
tively different behavior, with different roles and
strengths for the anharmonic, Coriolis x,y and Coriolis z-
type couplings. Random matrix calculations are in
progress to elucidate further the mechanisms that are be-

_ing revealed by the experiments. These kinds of coupling
mechanisms are responsible for the crucial energy ran-
domization step of unimolecular reactions and may
strongly influence bimolecular relaxation rates and con-
densed phase relaxation processes.

$125,175

Arizona State University
Tempe, AZ 85287

Department of Chemistry

164. Electronic Structure and Reactivities of
Transition Metal Clusters

Balasubramanian, K.
602-965-3054

The electronic and geometric structural properties of clus-
ters containing heavy atoms serve as models for regions of
surfaces. Thus, investigation of the nature and reactivi-
ties of small cluster particles provides important clues to
the understanding of catalysis and chemisorption. Elec-
tronic properties, such as ionization potentials, electron
affinities, energy separations of low-lying states, and
binding energies of these clusters and their reactivities
vary dramatically with size. Many transition metal clus-
ters are under investigation. In particular, theoretical
investigations of Irs, Wy, Zrs, Rhy, Pts, Aug, Niy, PtzAu,
Pd3;Au, and Pt4 are being conducted. The properties inves-
tigated are geometries, ionization energies, electron
affinities, and the separations of the low-lying electroni¢
states. The electronic properties and excited states of
metal dimers, such as Agg, Osg, Irs, and so forth, are also
being studied from which the spectroscopic properties of
these metal dimers are obtained. The reactivities of small

" $99,200

cluster particles are also investigated with model reac-
tions such as M3 + Hg and M; + H;. The potential energy
surfaces of all third row transition metal dihydrides and
their ions are being determined with the objective of un-
derstanding the reactivities of these atoms and ions with
H;. The Pt + CO, Ptz + CO, Pd; + CO, Cu + CO, Ag + CO,
Au + CO, Cuz + CO, Pt3 + H, Pd; + Hy, Pd3 + H, and Ni3 +
H systems are also being studied. These investigations
are conducted using a complete active space MCSCF
(CASSCF) followed by higher order configuration interac-
tion calculations. Relativistic effective potentials are used
for the heavy atoms in the molecule, and spin-orbit and
correlation effects are introduced simultaneously through
a relativistic configuration interaction (CI) scheme.

165. Generation Detection and Characteriza-
tion of Gas-Phase Transition-Metal
Aggregates and Compounds
Steimle, T.C.

602-965-2636

Purely theoretical approaches to model transition metal
reactions are rapidly developing. However, there is a
paucity of experimentally derived information that serves
both as a test of the quality of these models and provides
guidance for their modification. Accordingly, obtaining ex-
perimental information relevant to the development of
reaction models involving transition metals is important.

$76,418

' Measuring molecular properties that are easily related to

the bonding character and that are routinely predicted by
theoretical means is of particular interest. To this end, the
bound portions of the potential energy surface associated
with the metal containing systems are studied utilizing
high-resolution molecular beam optical and microwave
spectroscopy. These studies employ a laser ablation—
reaction source that is skimmed to produce a well
collimated molecular ‘beam sample. Optical spectra are
recorded at a resolution dictated by the natural linewidth
(~30 MHz), which is sufficient to resolve Stark shifts
and hyperfine structure. Molecular beam pump-probe
microwave-optical double resonance (PPMODR) studies
are also performed. The PPMODR studies provide infor-
mation on a single electronic state, thus circumventing
many of the problems associated with perturbations in the
optical spectrum. Permanent electric dipole moments,
magnetic hyperfine, and electric quadrupole interactions
are a direct probe of the bonding and have been deter-
mined for MoN, NbN, TiO and .TiN. A wide variety of
transition metal containing compounds can be generated
via the laser ablation-reaction scheme and studies of
more complex compounds have been initiated.

University of Arizona
Tucson, AZ 85721

Department of Chemistry .

166. Chemical Activation of Molecules by Met-
als: Experimental Studies of Electron
Distributions and Bonding '
Lichtenberger, D.L.
602-621-4749

The continued purpose of this research program is to ob-
tain detailed experimental information on the different
fundamental ways metals bond and activate organic

$106,000
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molecules. The approach has been (1) to directly probe the
electronic interactions' between metals and molecules
through a wide variety of ionization spectroscopies and
other techniques and (2) to investigate the relationships
with bonding modes, structures, and chemical behavior.
During this period of the project (1) the electronic features
of diphosphines and monophosphines in their coordination
to metals were characterized, (2) theoretical and experi-
mental investigations of the bonding capabilities of Cgo to
transition metals were conducted, (3) techniques for the
imaging of single molecules on gold substrates that em-
phasizes the electronic backbonding from the metal to.the
molecule were developed, (4) the high-resolution photo-
electron’ spectrum of pure C;y in the gas phase were
obtained, (5) the bonding of acetylide ligands to the bond-
ing of other small organic molecules with metals were
comgared, and (6) the photoelectron spectra and bonding
of 7°-cyclopropenyl groups to metals were reported. In
each case, these are the first studies of their type.

‘University of California, Los Angéles
Los Angeles, CA 90024

Department of Chemistry and Biochemistry

167. High-Resolution Raman Spectroscopy of
Complexes and Clusters in Molecular
Beams '
Felker, P.M.

- 310-206-6924 .

The project objectives are two-fold. The first is to develop
methods of nonlinear Raman spectroscopy for application
in studies of sparse samples. The second is to apply such
methods to structural and dynamical studies of species
(molecules, complexes, and clusters) in supersonic molecu-
lar beams. In the past year progress has been made in
several areas. The first pertains to the application of
mass-selective, ionization-detected stimulated Raman
spectroscopies  (IDSRS) to the size-specific vibrational
spectroscopy of solute—solvent, clusters. The vibrational
spectra of benzene-(N;z), benzene-Ar,, and carbazole-Ar,
clusters have been measured in this area. The second area
involves the application of IDSRS methods to studies of
jet-cooled benzene clusters. Spectra for clusters as large
as benzene;s have been obtained. The third pertains to
the use of IDSRS methods in the study of intermolecular
vibrational transitions in van der Waals complexes. In
this area benzene-Ar, -Kr, -N3;.and -benzene have been
studied. It is likely that studies such as this will be a rich
source of information in the future on intermolecular po-
tential energy surfaces.

$98,000

Catholic UniversityA of America
Washington, DC 20064 :

Department of Chemistry

168. Studies of Combustion Kinetics and Mech-
anisms
Gutman, D.
202-319-5385

The purpose of this research is to gain new quantitative
knowledge of the kinetics and mechanisms of the reac-
tions of polyatomic free radicals that are important in
hydrocarbon combustion processes. The free radicals are
generated in a heated tubular reactor by the decomposi-
tion of molecules using pulsed UV-laser photolysis. The
ensuing reactions are monitored in time-resolved experi-
ments using photoionization mass spectrometry. Reaction
rate constants are measured as a function of temperature
(to 1000 K) and pressure (1 to 20 torr), and the primary
reaction products are determined to obtain basic informa-
tion regarding the fundamental kinetics and dynamics of
the reaction under study. This information also provides a
rational basis for extrapolating observed kinetic behavior
of free-radical reactions to the harsher conditions of actual
combustion processes. Reactions under study include
recombination of free radicals (e.g., CHs + CH3), unimolec-
ular decomposition of free radicals (e.g., n-CsHy, t-C4Ho,
and CH3;CHCI), and reactions of these free radicals with
molecular oxygen (e.g., C4Hs + O2) and atomic oxygen
(e.g., CHz + O). In most instances, results obtained are the
first quantitative determinations of the kinetic behavior of
the reaction under study. When this information is incor-
porated into global models of combustion chemistry, it
provides significant improvements in the reliability of
these models to predict major chemical properties of burn-
ing processes.

$153,000

University of Chicago
Chicago, IL 60637

James Franck Institute

169. Bond Selective Chemistry Beyond the Adi-
abatic Approximation
Butler, L.dJ.
312-702-7206

The series of experiments pursued for this project develop
a unified understanding of bond-selective molecular disso-
ciation processes important in combustion. They elucidate
how the coupling between electronic states in polyatomic
molecules plays a central role in both promoting and in-
hibiting bond-selective chemistry, perhaps even more so
than the more thoroughly understood process of
intramolecular vibrational energy redistribution. To in-
vestigate how local electronic excitation of a polyatomic
molecule can result in selective decomposition channels
over other energetically allowed ones, this work utilizes
photofragment velocity and angular distribution analysis
in a crossed laser-molecular beam apparatus. Polarized
emission spectroscopy provides complementary informa-
tion by probing the early dissociation dynamics. This year
the study of three systems was initiated in which the
breakdown of the Born-Oppenheimer approximation

$98,000
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alters the expected branching between chemical bond fis-
sion pathways. Experimental and theoretical studies on
CH;SH, one of the major gaseous organosuifur pollutants
produced in the combustion of oils and coals, investigates
the preferential fission of the S—H bond over the weaker
C-S bond upon photoexcitation in the UV. Other studies
investigate the competition between C—Br and C-I fission
in 1,3-iodobromopropane and the competition between
bond fission channels and H; elimination in methyl amine.

170. Quantum Dynamics of Fast Chemical Re-
actions
Light, J.C.
312-702-7197

This research is focused on the direct and accurate quan-
tum evaluation of thermal rate constants for elementary
bimolecular reactions in the gas phase. In addition,
state-to-state cross sections for reaction and for photodis-
sociation will be determined. The thermal rate constants
have been calculated using the quantum thermal
averaged flux—flux correlation function evaluated by diag-
onalizing the Hamiltonian in a three-body discrete
variable representation. Applications to the thermal rate
constants of the hydrogen isotopic exchange reactions
show good agreement with experiments over a wide tem-
perature range. Recently it was shown that the use of an
imaginary absorbing potential in the region outside the
activation energy barrier region was useful in making the
calculations more efficient and robust. A comparison of
time-dependent and time-independent approaches to the
evaluation of state-to-state reaction probabilities has
shown that the time-independent approach is preferable,
even for evaluation at many scattering energies, providing
the Green’s function is represented in a diagonal basis.
The dynamics of electronically nonadiabatic collisions are
now being treated using the two diabatic surfaces,
together with an appropriate interaction team. Real nona-
diabatic effects are common in photodissociation and in
some chemical exchange reactions: An additional use for
the nonadiabatic approach is to permit an adiabatic reac-
tion rate to be generated as the net result of transitions
from a reactant to a product electronic energy surface.
This “frictional” nonadiabatic approach simplifies the
treatment of reactant and product coordinates, thus sim-
plifying the calculation of state-to-state probabilities and
rate constants. :

$98,000

University of Colorado
Boulder, CO 80309 -

Department of Chemistry and Biochemistry

171. Laser Photoelectron Spectroscopy of Ions
Ellison, G.B.* - $141,641
303-492-8603

This enterprise uses photoelectron .spectroscopy to study

the properties of negative ions and radicals. The essence

of the experiment is to cross a 0.6 keV mass-selected ion -

beam (M~) with the output of a CW laser, iw,. The resul-
tant detached photoelectrons with kinetic energy, KE, aré
energy analyzed by means of a set of electrostatic hemi-
spherical analyzers. M~ +fiw, — M + e(KE)~. Analysis of
the photoelectron spectra enables the extraction of molec-
ular electron affinities, vibrational frequencies, and

electronic splittings of the final radical, M, as well as the
relative molecular geometries of ions (M™) and radicals
(M). During the last year a review article that critically
contrasts three methods to measure R-H bond energies
was completed, a spectroscopic study of the phenylnitrene
anion was finished, and an overhaul of the light source of .
the photodetachment spectrometer was successfully com-
pleted. An ArlII laser that provides ~100 W of 3.5631 eV
photons has been fabricated and installed. Three ap-
proaches that are commonly used to determine the R-H
bond energies of gas phase polyatomic molecules have
been discussed: (1) the study of radical kinetics, (2) the
use of negative ion thermochemical cycles, and (3) pho-
toionization mass spectroscopic techniques. These three
methods can be used on a large number of species (hun-
dreds) and have an accuracy between +3 kcal/mol and
+0.2 kecal/mol. The purpose of the article was to compare
these three experiments with each other and to demon-
strate by direct comparison that they achieve consistent
results. Aromatic ions are being studied and the first of
the systems is the most famous organic nitrene, phenylni-
trene. The approach to the study of C¢HsN is to scrutinize
the photoelectron spectrum of the radical anion, C¢HsN~.
The negative ion photoelectron spectra furnish a